Undergraduate student acceptance of haptic simulation in gross anatomy learning by Yeom, S
		
	
 
 
UNDERGRADUATE STUDENT 
ACCEPTANCE OF HAPTIC 
SIMULATION IN GROSS 
ANATOMY LEARNING 
	
	
	
by 
Soonja Yeom 
 MComp, GrdDipAppComp, BA 
 
Submitted in fulfilment of the 
requirement for the Degree of 
Doctor of Philosophy 
 
 
University of Tasmania 
March 2016 
 
 
 
 
																																																																																																																																																											
	 ii	
 
 
 
 
Unless the LORD builds the house, 
the builders labour in vain. 
Unless the LORD watches over the city, 
the guards stand watch in vain. 
 
 
 
 
	 	
Declaration
I	certify	that	this	thesis	contains	no	material	that	has	been	accepted	for	the	award	
of	any	other	degree	or	diploma	in	any	institute,	college	or	university.		In	addition,	
to	the	best	of	my	knowledge	and	belief,	it	contains	no	material	previously	
published	or	written	by	another	person,	except	where	due	reference	is	made	in	
the	text	of	the	dissertation.		
Soonja	Yeom	
ii	
Rights	
This	work	is	licensed	under	the	Creative	Commons	Attribution	3.0	Unported	
License.	To	view	a	copy	of	this	license,	visit	
http://creativecommons.org/licenses/by/3.0/	or	send	a	letter	to	Creative	
Commons,	444	Castro	Street,	Suite	900,	Mountain	View,	California,	94041,	USA.	
The	work	is	provided	to	the	University	Library	for	open	access	dissemination.	
Soonja	Yeom	asserts	the	moral	right	to	be	recognised	as	the	author	of	this	thesis.	
Soonja	Yeom	certifies	that	the	thesis	contains	no	material	subject	to	third-party	
copyright,	that	the	owner	of	the	copyright	has	not	approved	to	be	incorporated	in	
the	thesis.	
Soonja	Yeom	
iii	
Acknowledgement
I	would	like	to	express	my	gratitude	to	all	those	who	helped	me	in	this	PhD	
candidature.		Professor	Tom	Furness	inspired	and	encouraged	me	to	pursue	this	
journey.	Professor	Mark	Billinghurst	as	the	Director	of	HITLab	NZ	provided	his	
feedback	on	my	thesis	topic	as	well	as	providing	the	3D	organ	models.	
This	project	was	started	with	the	support	of	the	University	of	Tasmania	through	a	
teaching	development	grant.	
I	would	especially	like	to	thank	my	supervisors	Dr	Andrew	Fluck,	Dr	Derek	Choi-
Lundberg	and	Professor	Arthur	Sale	for	all	their	advice,	ideas	and	support.	I	cannot	
thank	all	of	them	enough,	especially	Dr	Choi-Lundberg.	They	are	the	best!		
Thanks	to	all	the	University	staff	and	students	who	took	part	in	the	study	for	
without	their	cooperation	and	enthusiasm	this	research	would	not	have	been	
possible.		Thanks	to	Jaey	Kim	for	his	willingness	to	spend	his	time	assisting	during	
the	implementation	stage	as	well	as	the	user	testing	sessions.		
Dr	Leonie	Ellis	and	Mrs	Nicole	Herbert	were	great	for	their	understanding	and	
patience.	Also	thanks	to	David	Herbert	for	his	technical	assistance.		I	would	also	
iv	
like	to	thank	my	family	for	the	continual	support	and	encouragement	they	offered	
throughout	the	candidature.		
There	are	numerous	people	who	have	supported	in	a	way	or	another,	far	and	near.	
Although	I	do	not	write	all	the	names	here	in	the	book,	I	write	them	in	my	heart.	
Most	of	all,	I	thank	Him	for	His	patience	and	encouragement	to	my	slow	growth.	
v	
Statement	of	Co-Authorship
The	publications	of	the	work	undertaken	in	the	course	of	this	research	are	the	
following:	
Yeom	S.		‘Augmented	Reality	for	Learning	Anatomy’	In	G.	Williams,	N.	Brown,	&	B.	
Cleland	(Eds.),	Changing	Demands,	Changing	Directions.	Proceedings	ascilite	
Hobart	2011	
Yeom	S,	Fluck	A,	Sale	A,	Choi-Lundberg	D,	‘Exploring	augmented	reality	for	
sustainable	delivery	of	anatomy	teaching	and	learning’,	Teaching	Matters	2012	-	
Conference	Handbook,	4th	December	2012,	Launceston,	Tasmania,	pp.	39.	(2012)	
• Ms	Soonja	Yeom	(85%)	is	the	primary	author,
• Dr	Andrew	Fluck	(5%)	of	Faculty	of	Education,
• Professor	Arthur	Sale	(5%)	of	School	of	ICT	and	Engineering,
• Dr	Derek	Choi-Lundberg	(5%)	of	School	of	Medicine	of	the	University
of	Tasmania,	provided	general	guidance	and	editing	advice	as
supervisors.
Yeom	S,	Choi-Lundberg	D,	Fluck	A,	Sale	A,	‘User	Acceptance	of	a	Haptic	Interface	
for	Learning	Anatomy’,	Proceedings	of	the	IADIS	International	Conference	E-
Learning	2013,	22-26	July	2013,	Prague,	Czech	Republic,	pp.	239-246.	ISBN	978-
972-8939-88-5	(2013)
vi	
• Ms	Soonja	Yeom	(65%)	is	the	primary	author,
• Dr	Andrew	Fluck	(10%)	of	Faculty	of	Education,
• Professor	Arthur	Sale	(5%)	of	School	of	ICT	and	Engineering,
• Dr	Derek	Choi-Lundberg	(20%)	of	School	of	Medicine	of	the	University
of	Tasmania,	provided	general	guidance	and	editing	advice	as
supervisors.
Yeom	S,	Choi-Lundberg	DL,	Fluck	AE,	Sale	A,	2017.	‘Factors	influencing	
undergraduate	students’	acceptance	of	a	haptic	interface	for	learning	gross	
anatomy’	Interactive	Technology	and	Smart	Education	14(1):	50-66.		DOI:	
10.1108/ITSE-02-2016-0006 	
• Ms	Soonja	Yeom	(60%)	is	the	primary	author,
• Dr	Andrew	Fluck	(5%)	of	Faculty	of	Education,
• Professor	Arthur	Sale	(5%)	of	School	of	ICT	and	Engineering,
• Dr	Derek	Choi-Lundberg	(30%)	of	School	of	Medicine	of	the	University
of	Tasmania,	provided	general	guidance	and	editing	advice	as
supervisors.
vii	
We	the	undersigned	agree	with	the	above	stated	proportion	of	work	undertaken	
for	each	of	the	above	published	manuscripts	contributing	to	this	thesis.	
Signed:	
Date:	 20/2/2016	
Professor	Arthur	Sale	
Supervisor	
School	of	Engineering	and	ICT	
University	of	Tasmania	
Signed:	
Date:	 20/2/2016	
Dr.	Andrew	Fluck	
Supervisor	
Faculty	of	Education	
University	of	Tasmania	
Signed:	
Date:	 20/2/2016	
Dr.	Derek	Choi-Lundberg	
Supervisor	
School	of	Medicine	
University	of	Tasmania
viii	
Abstract
Factors	 influencing	undergraduate	students’	acceptance	of	a	computer-aided	
learning	(CAL)	resource	for	learning	anatomy	were	researched	and	evaluated.	
The	resource	used	the	Phantom	Omni	haptic	stylus,	which	enables	the	user	to	
rotate,	 receive	 touch	 and	 kinaesthetic	 feedback,	 and	 display	 the	 names	 of	
three-dimensional	(3D)	human	anatomical	structures.		The	perceived	value	of	
the	 system	was	 investigated	with	 respect	 to	 user	 characteristics	 and	 system	
functionality.	
The	 Learning	Anatomy	with	Haptic	 Feedback	 System	 (LAHFS)	was	developed	
using	the	software	development	 life	cycle	over	three	stages.	 It	was	tested	by	
students	 enrolled	 in	 bachelor	 degrees,	 including	 medicine,	 health	 sciences,	
education,	and	computing.	Their	responses	and	attitudes	towards	LAHFS	were	
investigated	 using	 action	 research	 and	 design	 research	 methodology	
frameworks,	and	quantitative	and	qualitative	data	were	analysed	using	mixed	
methods.		
Participants	generally	thought	the	haptic	learning	system	was	useful,	was	easy	
to	 use,	 and	 that	 they	 had	 performed	 well	 with	 it.	 Their	 perception	 of	 any	
negative	aspects	was	 low,	with	 little	experience	of	mental	or	physical	 stress.	
ix	
User	 intention	 to	use	 the	 system	or	 recommend	 it	 to	others	 correlated	with	
their	perception	of	usefulness	and	ease	of	use,	more	strongly	with	the	former.	
Ease	 of	 use	 ratings	 were	 significantly	 correlated	with	 perceptions	 of	 system	
usefulness	 and	 the	 usefulness	 of	 a	 quiz	 introduced	 in	 the	 final	 version.	
Students	 with	 greater	 kinaesthetic	 learning	 preferences	 tended	 to	 rate	 the	
system	 higher,	 and	 students	 with	 prior	 experience	 with	 3D	 interfaces	 had	
higher	intention	to	use	the	system.	Previous	experience	with	haptic	interfaces	
did	 not	 affect	 user	 acceptance.	 	 Despite	 rating	 their	 performance	 with	 the	
system	lower,	females	were	more	likely	to	use	or	recommend	the	system	than	
males.	
Qualitative	 analysis	 of	 feedback	 on	 the	 LAHFS	 system	 indicated	 that	 haptic	
feedback	and	3D	visualisation	were	considered	the	best	aspects	of	the	system.	
Suggested	 improvements	 included	more	 rapid	 response	 times	and	extension	
to	 a	 three	 dimensional	 display.	 Rankings	 of	 various	 learning	 resources	
suggested	 LAHFS	 may	 be	 a	 better	 way	 of	 learning	 anatomy	 than	 websites,	
other	software,	or	anatomical	atlases.	Ease	of	use	ratings	declined	across	the	
three	versions	as	modules	were	added	and	system	complexity	increased.		
Much	 previous	 research	 relating	 to	 haptic	 devices	 in	 medical	 and	 health	
sciences	 has	 focused	 on	 advanced	 trainees	 learning	 surgical	 or	 procedural	
skills.	 	 This	 study	 suggests	 that	 incorporating	 haptic	 feedback	 into	 virtual	
anatomical	models	is	a	useful	strategy	at	an	undergraduate	level.	
x	
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1 CHAPTER1INTRODUCTION
1.1 THESIS	CLAIM	
his	 thesis	 is	 the	 result	 of	 research	work	 largely	 carried	out	 by	 the	
candidate	 Ms	Soonja	 Yeom,	 with	 the	 research	 training	 and	
assistance	 of	 three	 main	 PhD	 supervisors	 from	 different	 disciplines:	
Emeritus	 Professor	 Arthur	 Sale	 (Engineering	 and	 ICT),	 Dr	 Andrew	 Fluck	
(Education)	and	Dr	Derek	Choi-Lundberg	(Medicine).	
The	 thesis	 relies	mainly	 on	 the	 principle	 of	 prior	 publication,	 and	 three	
papers	are	reproduced	in	the	thesis	in	support	of	this	claim,	as	well	as	an	
internally	presented	paper.		
The	 main	 body	 of	 the	 thesis	 therefore	 provides	 the	 context	 to	 tie	 the	
papers	 together	 and	 to	 document	 the	 main	 findings,	 discussion,	 and	
future	 work,	 in	 more	 detail	 than	 could	 be	 included	 in	 the	 papers	
themselves.	
T
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1.2 PURPOSE	OF	THE	STUDY	
	
Gross	 anatomy	 is	 an	 important	 topic	 in	many	 health-related	 disciplines,	
and	is	regarded	as	one	of	the	most	difficult	to	 learn	as	well	as	resource-
intensive	 to	 teach	 (Codd	 &	 Choudhury,	 2011;	 Keedy	 et	 al.,	 2011).		
Although	 the	 usefulness	 of	 specific	 educational	 technologies	 may	 be	
controversial,	 technology	 in	 education	 is	 pervasive	 and	 the	 field	 is	
continuously	 advancing	 (Dominguese,	 2011;	 Kinnison,	 Forrest,	 Frean,	 &	
Baillie,	 2009).	 Haptic	 technology	 is	 improving,	 enabling	 haptic	
sensation/feedback	to	be	provided	as	a	useful	element	of	a	user	interface.	
The	 aim	 of	 this	 study	 is	 to	 characterise	 undergraduate	 students’	
acceptance	of	a	haptic	interface	in	learning	anatomy.	Design	Research	and	
Action	 Research	 were	 adopted	 as	 the	 most	 suitable	 methodologies	 for	
this	study.	
	
1.3 DEFINITION	OF	TERMS	
	
CXA273:	 	Anatomy	and	Physiology	2.	A	 subject	 taken	by	undergraduate	
students	 enrolled	 in	 a	 variety	 of	 courses	 such	 as	 Bachelor	 of	
Health	 Science,	 Bachelor	 of	 Exercise	 Science,	 Bachelor	 of	
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Education,	 Bachelor	 of	 Human	 Movement,	 and	 Bachelor	 of	
Outdoor	Education.	
Gross	Anatomy:		The	study	of	anatomy	at	the	macroscopic	level.	This	is	the	
topic	area	of	this	research.	
Haptic	 feedback	 or	 haptics:	 	 a	 combination	 of	 somatosensory	 (touch)	
sensation	mediated	by	tactile	receptors	in	skin,	and	kinaesthetic	
(muscle	sense)	sensation,	mediated	by	kinaesthetic	receptors	in	
muscles,	 tendons,	 and	 joints	 (Panait,	 Akkary,	 Bell,	 Roberts,	
Dudrick,	&	Duffy,	2009).	
LAHFS:	 Learning	 Anatomy	 with	 Haptic	 Feedback	 System,	 which	 the	
author	developed	and	tested	for	this	thesis.	
MBBS:	 Bachelor	 of	 Medicine	 and	 Bachelor	 of	 Surgery	 course.	 All	
students	enrolled	in	this	course	study	Gross	Anatomy	in	years	1	
to	3.			
TAM:	 Technology	 Acceptance	 Model,	 a	 model	 in	 understanding	
predictors	of	human	behaviour	toward	acceptance	or	rejection	
of	the	technology.	
VAS:	 Visual	Analogue	Scales,	a	measurement	instrument	that	tries	to	
measure	 a	 characteristic	 or	 attitude	 that	 is	 believed	 to	 range	
across	 a	 continuum	 of	 values	 and	 cannot	 easily	 be	 directly	
measured	(Gould,	Kelly,	Goldstone,	&	Gammon,	2001).	
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1.4 RESEARCH	FOCUS	
	 	
The	research	spans	the	disciplines	of	ICT,	Anatomy,	and	Education.		
In	broad	terms	the	research	aimed	to	explore	acceptance	of	haptic	(touch,	
force)	 feedback	 in	a	user	 interface	by	undergraduate	university	students	
learning	 anatomy.	 This	 broad	 aim	 is	 refined	 in	 sections	 1.5	 and	 2.8	 to	
identify	specific	‘research	questions’.	
	
1.5 STRUCTURE	OF	THE	THESIS	
	
The	chapter	structure	of	the	thesis	is	as	follows:	
	
1. This	introduction	shows	how	the	thesis	is	structured.	
2. A	 review	 of	 relevant	 literature	 on	 user	 interfaces,	 haptic	 feedback,	
anatomy	learning,	and	education.	This	provides	rationale	for	the	RQs	
(RQ1,	 What	 are	 the	 responses	 and	 attitudes	 of	 students	 toward	 a	
haptic	interface	for	learning	anatomy?	RQ2,	What	user	characteristics	
influence	his/her	learning	from	and	acceptance	of	the	haptic	learning	
system?	RQ3,	What	elements	of	the	haptic	learning	system	influence	
user	 acceptance?).	 The	 section	 informs	 the	 reader	 about	 how	 user	
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interfaces	in	general	work	and	more	specifically	how	haptic	interfaces	
facilitate	human-computer	interaction	and	human	learning			
3. The	 research	methodology	used	and	 its	evolution	during	 the	course	
of	 the	 research.	 This	 addresses	 the	 ‘What?’	 and	 ‘How?’	 questions,	
and	 covers	 research	 methodology,	 LAHFS	 system	 software	
development,	 instruments	 for	 gaining	 user	 feedback,	 and	 data	
analysis.		
4. An	analysis	chapter	that	contains	more	detailed	results	than	could	be	
provided	 in	 the	 published	 papers.	 The	 collected	 results	 from	 three	
user	tests	over	2	years	were	analysed,	including	student	ratings	of	the	
LAHFS,	 overall	 and	 by	 various	 user	 factors	 including	 gender,	
course/unit	of	study,	previous	experience	with	haptic	or	3D	systems,	
and	learning	styles	
5. A	 discussion	 of	 the	 most	 important	 findings	 synthesized	 from	 the	
foregoing	 and	 the	 papers,	 and	 put	 into	 the	 context	 of	 the	 related	
research	literature.	
6. Conclusions	 from	 the	 present	 study	 and	 suggestions	 for	 future	
research.	
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2 CHAPTER	2	LITERATURE	REVIEW		
2.1 INTRODUCTION	
	
ow	technology,	computer	technology	in	particular,	has	been	used	
in	 education	 is	 examined	 in	 this	 chapter,	 particularly	 in	 the	
context	of	the	discipline	of	gross	anatomy	at	university	 level.	Progress	 in	
haptic	 interfaces	 is	 examined,	 in	 medical	 related	 areas	 with	 an	
investigation	of	how	it	 is	advancing.	It	 is	done	in	anticipation	of	how	the	
haptic	 interface	option	has	been	used	as	a	 learning	 tool	 for	anatomy	as	
well	as	skills	for	medical	and	surgical	procedures.	An	examination	is	then	
conducted	 of	 how	 individual	 learning	 preferences	 in	 modes	 or	 styles	
impact	 on	 learning.	 Gender	 differences	 in	 learning	 preferences	 are	 also	
examined.		
	
	
	
H	
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Technology	 has	 been	 used	 in	 learning	 for	 a	 long	 time	 in	 different	
educational	 levels	 and	 areas.	 However,	 the	 effect	 and	 necessity	 of	
technology	 in	 education	 has	 been	 controversial	 for	 many	 years.	 It	
provides	many	promises	in	theory,	but	there	have	been	gaps	between	the	
technology	and	human	users.	Nevertheless,	the	area	has	grown	and	some	
areas,	such	as	learning	management	tools,	are	now	widely	accepted	and	
used.		
	
	
2.2 TECHNOLOGY	IN	LEARNING	-	COMPUTER	AIDED	LEARNING	
	
2.2.1 Brief	History	of	Technology	in	Learning		
	
The	use	of	technology	in	learning	has	a	long	history,	due	to	the	common	
perspective	about	learning	as	a	crucial	and	complex	aspect	of	human	life.	
The	main	purpose	of	this	brief	review	on	how	the	field	of	education	has	
utilised	 different	 technologies	 over	 time	 provides	 a	 better	 viewpoint	
about	the	use	of	technology	for	anatomy	learning.	
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Digital	 technology	 was	 introduced	 for	 learning	 in	 the	 late	 1950s,	 and	
debates	 on	 its	 efficacy	 started	 at	 the	 same	 time	 (Rogers,	 2004;	 Säljö,	
2010).	 Later	 Prensky	 (2001)	 coined	 the	 terms	 ‘digital	 natives’	 describing	
the	new	generation	who	were	born	into	a	new	culture	immersed	in	digital	
technologies,	 and	 ‘digital	 immigrants’	 describing	 previous	 generations	
who	have	lived	in	the	analogue	age	and	immigrated	to	the	digital	world.		
Prensky	 argued	 digital	 technology	 has	 changed	 the	 way	 ‘digital	 native’	
students	 think	 and	 learn	 and	 is	 part	 of	 their	 life/being,	 while	 ‘digital	
immigrant’	 teachers	 may	 have	 difficulties	 utilising	 available	 technology	
efficiently	(Prensky,	2001).		
	
As	 digital	 technology	 becomes	 an	 inescapable	 part	 of	 teachers’	 and	
students’	 lives,	 the	key	 issue	 is	how	 teachers	 can	utilise	 this	medium	 to	
enhance	 students’	 learning	 experiences	 (Elliott,	 2008).	 Especially	 when	
one	 party	 is	 a	 digital	 immigrant	 and	 the	 other	 is	 a	 digital	 native.	 This	
research	deliberately	did	not	focus	on	the	generation	difference.	
	
Personal	 digital	 technologies	 have	 developed	 from	 the	 introduction	 of	
personal	 computers	 and	 the	 Internet,	 to	 the	 present	 era	 of	 personal	
devices	such	as	phones	and	tablets	with	wireless	access	 to	 the	 Internet.	
As	technology	becomes	more	accessible	and	powerful,	more	images	and	
dynamic	media	elements	such	as	video	and	sound	have	been	included	in	
learning	resources.	
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Technology	enhances	 learning	experiences	with	evident	 improvement	of	
performance	(Abbott	et	al.,	2011;	Burns,	2013;	Kazley	et	al.,	2013).	Kazley	
and	his	colleagues	(2013)	reported	perception	on	educational	technology	
from	 health	 professions	 staff,	 academics	 and	 students	 at	 a	 medical	
university.	The	majority	of	students	welcomed	 incorporating	educational	
technology	 in	 their	 learning,	 whereas	 some	 academics	 remained	
sceptical.		
	
As	digital	technology	advances,	the	importance	of	interactivity	was	a	key	
focus	 to	 make	 the	 resources	 useful	 and	 meaningful.	 Interactivity	 helps	
students	 understand	 and	 memorise	 better	 (Alessi	 &	 Trollip,	 2001;	
Palombi,	Pihuit,	&	Cani,	2011;	Temkin,	Acosta,	Malvankar,	&	Vaidyanath,	
2006;	 Wang,	 Hsu,	 Reeves,	 &	 Coster,	 2014).	 Such	 interactivity	 can	 be	
achieved	 through	 active	 engagement,	 when	 resources	 to	 interact	 are	
provided	 (Beauchamp	&	 Kennewell,	 2010).	 	Multimodal	 information	 for	
accurate	 evaluation	 of	 virtual	 training	 system	was	measured	 with	 user-
centred	 design	 (Jia,	 Bhatti,	 Nahavandi,	 &	 Horan,	 2013).	 	 This	 study	
reported	 enhanced	 performance	 via	 haptic/tactile	 interaction	 and	
suggested	 this	 mode	 of	 interface	 is	 particularly	 useful	 for	 the	 fields	
requiring	 a	 combination	 of	 visual	 and	 haptic	 work	 such	 as	 medical	
training.		
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Collins	&	Halverson	considered	 that	differentiation	was	one	of	 the	great	
advantages	 of	 computer	 use	 in	 education	 (Collins	 &	 Halverson,	 2010).	
Each	 student	may	 have	 distinct	 topic	 areas	 to	 be	 explored,	 at	 different	
depth	 or	 breadth.	 Advantages	 of	 technology	 in	 learning	 are	
individualization,	 learning	 at	 one’s	 own	 pace,	 possible	 repetition	 of	 the	
contents,	 hands-on,	 activity-based	 learning	 and	 different	 approaches	 in	
assessment	(Burns,	2013;	Collins	&	Halverson,	2010).		
	
Learning	 resources	 designed	 carefully	with	multimedia	 design	 principles	
improve	both	long-term	retention	and	long-term	transfer	of	learning	(Issa,	
Mayer,	 Schuller,	 Wang,	 Shapiro,	 &	 DaRosa,	 2013;	 Issa,	 Schuller,	
Santacaterina,	 Shapiro,	 Wang,	 Mayer,	 &	 DaRosa,	 2011).	 For	 example,	
multimedia	 design	 principles	 were	 used	 in	 a	 lecture	 to	 teach	 cardiac	
muscle	knowledge	to	 first	year	medical	 students	 in	 India	 (Ingole,	Kumar,	
Bahattere,	 &	 Chaware,	 2015).	 Results	 of	 90%	 of	 the	 multimedia	 group	
were	good	to	excellent	compared	to	only	65%	of	the	traditional	resources	
group	which	used	theoretical	lectures	only.	
	
The	use	of	 technology	 in	 learning	 raises	 the	possibility	of	 repetitive	and	
adaptive	 practice,	 because	 ‘drill	 and	 practice’	 are	 important	 areas	 of	
certain	academic	subjects.		Technology	and	its	applications	in	learning	and	
training	 will	 continue	 to	 advance,	 particularly	 multimedia	 to	 engage	
multiple	senses	of	the	user.			
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2.2.2 Multimedia	in	learning	
	
Multimedia	 is	 defined	 as	 any	object	 or	work	 composed	of	 two	or	more	
different	 elements	 such	 as	 still	 images,	 video,	 animation,	 sound	 and	
text(Chapman	&	 Chapman,	 2009;	 Grimes	&	 Potel,	 1991).	Well-designed	
multimedia	systems	are	used	to	enhance	learning	and	have	a	long	history	
of	use	within	assistive	technologies.		
	
While	 the	 term	 ‘multimedia’	 commonly	 denotes	 a	 technology,	 it	 also	 is	
used	 to	 suggest	 enhanced	 learning	 experiences	 (Alessi	 &	 Trollip,	 2001).	
For	example,	spatial	and	multisensory	learning	produces	improved	spatial	
recall	over	time	while	also	supporting	the	notion	of	transfer-appropriate	
processing	(Vanags,	Budimlic,	Herbert,	Montgomery,	&	Vickers,	2012).	
	
Multimedia	 applications	 are	 used	 in	 many	 different	 areas	 such	 as	
animated	training	sequences	which	are	more	effective	than	a	text	manual	
(Abbott,	 Brown,	 Evett,	 Standen,	 &	Wright,	 2011).	 Multisensory	 options	
are	 widening	 including	 tangible	 technology	 which	 is	 a	 new	 approach	
where	 users	 interact	 with	 digital	 information	 through	 the	 physical	
environment	by	 grasping	 and	manipulating	objects.	Many	 results	 favour	
animations	or	multimedia,	 but	 the	 crucial	 point	 of	 applying	 them	 is	 the	
Chapter	2	
																																																																																																																																																											
	 27	
content	 matter.	 One	 example	 of	 interactive	 multimedia	 tangible	
technologies	 is	 found	 in	 helping	 children	 with	 autism	 (Battocchi	 et	 al.,	
2008).	 An	 interactive	 tablet	 supporting	multi-user	 interaction	was	 used,	
which	encouraged	not	only	touch	but	also	collaboration.	
Users	 with	 a	 variety	 of	 levels	 of	 visual	 impairment	 were	 able	 to	 play	 a	
series	 of	 games	 using	 multimedia	 audio	 and	 haptic	 perception	 using	 a	
joystick	 with	 camera	 attached	 (Evreinova,	 Evreinov,	 &	 Raisamo,	 2008),	
which	was	rated	a	robust	and	preferable	input	technique.	
	
Several	 studies	 have	 found	 that	multimedia	 CAL	 resources	 for	 anatomy	
are	 an	 effective	 supplemental	 resource	 for	 students	 (Kish,	 Cook,	 &	 Kis,	
2013;	Palombi	et	 al.,	 2011;	 Saltarelli,	 Roseth,	&	Saltarelli,	 2014;	 Sugand,	
Abrahams,	&	Khurana,	2010;	Toth-Cohen,	1995).	Kish	and	his	colleagues	
(2013)	 found	 that	 the	 group	 with	 the	 CAL	 resource	 improved	 their	
performance	significantly.	Palombi’s	group	had	an	intuitive	way	to	present	
spatial	 relationships	between	objects.	Additionally,	 learning	 resources	 in	
multimedia	assist	students’	long-term	transfer	and	long-term	retention	in	
medical	education	contexts	(Issa	et	al.,	2011).		
	
On	 the	 other	 hand,	 the	 human	 cadaver	 laboratory	 offered	 a	 significant	
advantage	 over	 a	 model-based	multimedia	 simulation	 tool	 (Saltarelli	 et	
al.,	 2014).	 This	 suggests	 that	 additional	 pedagogical	 strategies	 are	
required	to	align	or	incorporate	multimedia	simulation	into	learning	tasks.	
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Another	 study	 found	 that	 the	 traditional	 condition	 group	 significantly	
outscored	the	multimedia	group	on	delayed	tests	of	retention	(Issa	et	al.,	
2013).	 	This	might	still	be	a	controversial	area,	nevertheless	CAL	learning	
is	 certainly	 useful	 when	 the	 “best”	 option	 is	 not	 available.	 Also	 a	 best	
option	 of	 learning	 for	 some	may	 not	 be	 the	 first	 preference	 for	 others.	
Thus,	various	options	may	provide	a	better	accessibility	to	learning.	
	
3D	Models	and	Virtual	Reality	(VR).	
Basic	 e-book	 versions	 of	 traditional	 anatomy	 textbooks	 and	 atlases	 use	
static	2D	images;	in	contrast,	some	CAL	resources	provide	fadable,	layered	
2D	 images	 allowing	 virtual	 dissection	 (Saltarelli	 et	 al.,	 2014)	 and/or	
rotatable	 3D	 images	 (with	 or	 without	 stereoscopic	 viewing)	 for	
computers,	 tablets	 and	 smartphones	 with	 touch	 screens	 (Cornwall	 &	
Pollard,	2012;	Lewis,	Burnett,	Tunstall,	&	Abrahams,	2014;	Ponnampalam,	
2013;	Temkin	et	al.,	2006;	Yammine	&	Violato,	2015).	Such	novel	methods	
were	useful	due	to	possible	educational	benefits	(Cornwall	et	al.,	2012).		
	
A	3D	environment	is	another	potential	element	of	a	multimedia	learning	
setting.	 For	 example,	 an	 interactive	 3D	 multimedia	 module	 had	 higher	
satisfaction,	acceptance,	and	was	more	enjoyable	than	2D	images	(Keedy	
et	 al.,	 2011).	 Similarly,	 there	was	 a	 greater	 preference	 for	 3D	 computer	
models	compared	to	2D	images	by	junior	doctors,	although	there	were	no	
differences	in	learning	between	groups	randomised	to	2D	vs	3D	resources	
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(Tan	et	al.,	2012).	A	meta-analysis	of	36	studies	found	that	3D	images	are	
superior	 to	 2D	 methods	 in	 spatial	 and	 factual	 anatomical	 knowledge	
(effect	 sizes	 d=0.50	 and	 d=0.30,	 respectively),	 and	 user	 satisfaction	 and	
perceived	 effectiveness	 are	 also	 higher	 with	 3D	 resources	 (Yammine	 &	
Violato,	2015).				
	
Comparing	3D	CAL	resources	with	dissection	has	produced	mixed	results,	
either	 similar	 performance	 on	 spatial	 anatomical	 knowledge	 (Codd	 &	
Choudhury,	 2011)	 or	 worse	 performance	 from	 3D	 CAL	 resources	 on	
identification	and	explanation	questions	 (Saltarelli	 et	 al.,	 2014).	Benefits	
of	learning	anatomy	in	virtual	reality	environments	include	cost	saving	for	
repetitive	 practices,	 more	 flexible	 access,	 and	 choice	 of	 individual	
preference	 of	 learning	 mode	 (Lewis	 et	 al.,	 2014;	 Nguyen,	 Nelson,	 &	
Wilson,	 2012;	Nicholson,	 Chalk,	 Funnell,	&	Daniel,	 2006;	 Ponnampalam,	
2013).	
	
Multimodal	and	Multisensory.	
Using	 multimedia	 content	 to	 assist	 learners	 improves	 student	 learning	
experiences	 and	 understanding,	 because	 the	more	 senses	 are	 engaged,	
the	 greater	 the	 chance	 of	 influencing	 the	 learner’s	 brain	 (Black,	 Segal,	
Vitale,	&	Fadjo,	2012).	
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Multisensory	 learning	 can	 be	 more	 effective	 in	 encoding,	 storing	 and	
retrieving	experience	and	knowledge	(Shams	&	Seitz,	2008)	and	this	may	
allow	 individuals	 to	 learn	 in	 many	 different	 ways	 (Walling,	 2014),	 and	
hence	 benefit	 learning	 (Black,	 Segal,	 Vitale,	 &	 Fadjo,	 2012).	 There	were	
significant	 positive	 differences	 in	 learning	 by	 visual	 and	 tactile	 learners	
when	the	learning	resources	were	designed	accordingly	(Gorjian,	Alipour,	
&	Saffarian,	2012).	
	
As	haptic	technology	advances,	how	this	modality	can	help	education	by	
combining	with	more	established	multimedia	needs	investigation.	Haptic	
feedback	contributes	to	learning	spatiotemporal	skills	which	have	a	force	
sensitive	component	(Amirkhani	&	Nahvi,	2016).	Participants	internalised	
and	 recalled	 better	 abstract	 motor	 skills	 (a	 sequence	 of	 forces	 in	 one	
dimension)	 when	 the	 haptic	 paradigm	 was	 combined	 with	 the	 visual	
paradigm	 rather	 than	 presented	 via	 either	modality	 alone	 (Morris,	 Tan,	
Barbagli,	 Chang,	 &	 Salisbury,	 2007;	 (Wu	 et	 al.,	 2014).	 	 This	 is	 because	
spatial	 and	multisensory	 learning	 produces	 improved	 spatial	 recall	 over	
time	while	also	supporting	the	notion	of	transfer-appropriate	processing	
(Blikstein,	2013;	Vanags	et	al.,	2012).	 In	order	 to	achieve	better	 learning	
and/or	transferable	practice,	effective	interface	design	with	multi-sensory	
interaction	is	important.	It	will	reduce	learning	error	by	reducing	the	load	
on	 short-term	 cognitive	 processes	 (Seok	 et	 al.,	 2010).	 	 Multimodal	
interaction		is	becoming	a	more	effective	method	for	learning	and	is	more	
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widely	 used	 as	 advanced	 technology	 becomes	 affordably	 available	
(Blikstein,	2013;	Sigrist,	Rauter,	Riener,	&	Wolf,	2013).	How	users	and/or	
students	 perceive	 the	 technology	 used	 in	 their	 learning,	 especially	with	
more	modes	available,	is	another	topic	area	for	further	research.		
	
How	 multimodal	 systems	 that	 include	 haptic	 technology	 are	 used	 and	
support	learning	will	be	investigated	in	the	next	section.	
	
	
2.2.3 Haptic	Technology	in	Learning	
	
The	 scope	 of	 research	 on	 haptic	 interfaces	 has	 included	 scientific	
visualization,	 assistive	 technology	 for	 visually	 and	 physically	 impaired	
users,	 general	 medical	 training,	 and	 surgical	 training.	 	 For	 example,	 a	
computer	assisted	surgical	planning	tool	was	developed	and	evaluated	by	
Schvartzman,	Salisbury,	Silva,	&	Girod	(2014);		A	small	number	of	experts	
in	the	field,	only	three	surgeons,	tested	the	system	and	reported	that	the	
system	 was	 easy	 to	 learn	 and	 use	 that	 they	 would	 be	 comfortable	 to	
integrate	 it	 into	 their	practice.	The	system	featured	a	bimanual	 sense	of	
haptic	 feedback,	 which	 is	 more	 realistic	 in	 surgery.	 Another	 example	 is	
used	 for	 catheter	 insertion	 training	with	 tip-force	measurement	 sensors	
which	provide	deformation	as	feedback	(Tercero	et	al.,	2013).	Catheter	tip	
tracking	 and	deformation	were	measured	 in	 this	 study.	Different	 groups	
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used	 different	 interfaces	 (i.e.	 haptics	 interface,	 computer	 interface,	 and	
manual	injection.	Conclusion	was	that	the	haptic	interface	trial	measured	
deformation	of	 the	artery	model	 successfully.	The	approach	enables	 the	
training	 simulators	 to	 be	 enhanced	 through	 haptic	 teleopration	 with	 a	
notable	outcome	to	this.		
	
Learning	 is	 more	 useful	 and	 effective	 if	 done	 through	 more	 than	 one	
sensory	organ	with	concurrent	 feedback	 (Shams	&	Seitz,	2008;	Sigrist	et	
al.,	 2013).	 The	 addition	 of	 a	 haptic	 interface	 improves	 surgical	 training	
value	 over	 traditional	methodologies,	 as	 “touch	 is	more	 important	 than	
sight”	 in	 the	 surgical	 context	 (Esteban,	 Fernández,	 Conde,	 &	 García-
Peñalvo,	 2014)	 and	advantages	of	CAL	 are	 confirmed.	 The	use	of	haptic	
interfaces	 improves	 “the	 performance	 of	 the	 students,	 during	 the	 first	
stage	of	their	education.	Using	haptic	simulators,	surgical	training	is	more	
effective	 than	 other	 methods	 because	 it	 helps	 in	 the	 development	 of	
psychomotor	skills”	(Esteban	et	al.,	2014).	
	
Some	terms	such	as	tactile,	kinaesthetic,	or	haptic,	are	used	frequently	in	
research	 on	 haptic	 interfaces.	 Tactile	 perception	 is	 the	 sense	 of	 touch,	
such	 as	 a	 pattern	 pressed	 upon	 an	 individual’s	 skin.	 Haptic	 feedback	
includes	a	combination	of	somatosensory	(touch)	sensation	mediated	by	
tactile	 receptors	 in	 skin,	 and	 kinaesthetic	 sensation,	 mediated	 by	
kinaesthetic	 receptors	 in	muscles,	 tendons,	 and	 joints	which	 detect	 the	
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position	and	movement	of	parts	of	the	body	or	forces	upon	them	(Panait	
et	 al.,	 2009;	 Sigrist,	 Rauter,	 Riener,	 &	 Wolf,	 2013;	 Tercero,	 Najdovski,	
Ikeda,	 Nahavandi,	 &	 Fukuda,	 2013;	 Ullrich	 &	 Kuhlen,	 2012;	 Wu	 et	 al.,	
2014),	 and	 it	 is	 this	 that	 we	 use	 on	 an	 everyday	 basis	 to	 explore	 and	
understand	our	surroundings	(Challis,	2013).		
	
Much	of	the	literature	talks	about	haptic	technology	as	a	different	modal	
interface	which	 produces	 a	 positive	 result	 which	 is	 not	 easy	 to	 achieve	
otherwise.	This	stimulates	research	to	find	out	if	a	haptic	interface	option	
may	 be	 effective	 or	 not	 in	 another	 subject	 area.	 Different	 types	 of	
learners	may	be	assisted	by	different	interface	modalities	when	accessing	
learning	materials.	Since	a	study	on	the	effectiveness	of	interactive	haptic	
interface	 for	 undergraduate	 engineering	 students	 found	 a	 higher	 (21%)	
than	control	group	and	18%	higher	in	comparison	with	their	own	pre-test	
in	learning	achievement	(Amirkhani	&	Nahvi,	2016),	this	study	examines	a	
similar	interface	in	a	different	discipline.	However,	these	findings	may	not	
be	 generalisable	 to	 other	 contexts.	 A	 systematic	 evaluation	 and	
comparison	with	 real-life	 complexity	may	 be	 required	 to	 assess	 designs	
using	 a	 haptic	 interface	modality(Sigrist	 et	 al.,	 2013).	 A	 focused	 area	 of	
study	may	be	beneficial	at	least	for	the	particular	subject,	determining	for	
example	whether	a	haptic	interface	is	effective	for	learning	anatomy.	
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2.3 EDUCATIONAL	THEORY	ABOUT	TECHNOLOGY		
	
2.3.1 Educational	Theories	
	
Although	there	are	a	number	of	educational	theories	about	technology,	
only	those	relevant	to	the	research	are	discussed	in	this	section.		
Constructivism	 views	 learning	 as	 a	 building	 process	 in	 which	 new	
knowledge	 is	 actively	 constructed	upon	prior	 knowledge.	 	 Learners	 take	
an	 active	 role	 and	 knowledge	 is	 based	 on	 active	 experience	 (Huang,	
Rauch,	 &	 Liaw,	 2010).	 	 	 Problem-based	 Learning	 (PBL)	 is	 based	 upon	
constructivism,	 and	 “PBL	 had	 a	 positive	 effect	 on	 students’	 satisfaction,	
ability	 to	 apply	 knowledge,	 and/or	 ability	 in	 clinical	 problem	 solving”	
(Bergman	et	al.,	2013).		
	
Many	 CAL	 resources	 for	 anatomy	 are	 designed	 based	 upon	multimedia	
design	principles	and	cognitive	 load	theory,	with	non-redundant	 images,	
text,	and	auditory	information	integrated	to	take	advantage	of	the	user’s	
parallel	 cognitive	 processing	 of	 visual	 and	 auditory	 information	 and	
multisensory	 learning	 mechanisms	 (Ayres,	 2015;	 Clark	 &	 Mayer,	 2003;	
Shams	&	 Seitz,	 2008;	 van	Merrienboer	&	 Sweller,	 2010).	 Cognitive	 load	
theory	acknowledges	a	limited	working	memory,	with	the	implication	that	
cognitive	 load	 should	 be	 minimised	 during	 the	 learning	 process.	 For	
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example,	illustration	alone	is	better	than	illustration	and	text,	but	if	text	is	
essential	for	intelligibility,	placing	it	nearby	or	on	the	illustration	(spatially	
contiguous)	 and	 keeping	 it	 to	 a	 minimum	 is	 recommended	 to	 reduce	
cognitive	load	(Paas,	Renkl,	&	Sweller,	2003).		
	
How	 technology	 can	 be	 a	 useful	 tool	 is	 further	 investigated	 based	 on	
Technology	 Acceptance	Model	 (TAM),	which	will	 be	 elaborated	more	 in	
the	following	section.		
	
2.3.2 Technology	Acceptance	Model	
	
The	Technology	Acceptance	Model	 (TAM),	 introduced	by	Davis	 (1986),	 is	
an	adapted	model	of	the	Theory	of	Reasoned	Action	(TRA).	TRA	considers	
a	person’s	performance	of	a	specified	behaviour	to	be	determined	by	his	
or	 her	 behavioural	 intention	 to	 perform	 the	 behaviour.	 TAM	 provides	 a	
basis	 for	 tracing	 the	 impact	 of	 external	 factors	 on	 internal	 beliefs,	
attitudes,	and	intentions	to	help	prediction	and	explanation	of	acceptance	
of	 technology	 (Davis	et	al.,	1989).	TAM	posits	 that	perceived	usefulness	
and	perceived	ease	of	use	are	primary	elements	for	computer	acceptance	
behaviours.	An	interesting	finding	from	Davis	(1989)	was	‘usefulness’	has	
a	 stronger	 influence	 than	 ‘ease	 of	 use’	 on	 people’s	 intention	 to	 use	 a	
system,	 although	 the	 ease	 of	 use	 variable	 had	 a	 significant	 effect	 on	
intention	to	use.	
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The	 original	 TAM	 has	 been	 expanded	 beyond	 Davis’s	 (1989)	 original	
conceptions	 of	 perceived	 usefulness,	 perceived	 ease	 of	 use,	 and	 user	
acceptance	of	information	technology.	The	TAM	model	has	subsequently	
underpinned	 numerous	 studies	 including	 that	 by	 Marangunić	 and	 his	
colleagues	 (2015),	 which	 confirm	 its	 broad	 applicability	 to	 various	
technologies.	 	 Variant	 variables	 were	 added	 and	 studied	 by	 many	
researchers	 such	 as	 Turner	 and	 colleagues	 who	 added	 behavioural	
intention	 to	use	 (BI)	 (Turner,	Kitchenham,	Brereton,	Charters,	&	Budgen,	
2010).	Measurement	of	user	 intention	to	use	the	system	was	elicited	by	
two	 questions	 used	 on	 different	 versions	 of	 the	 survey	 in	 this	 current	
study.		
	
Technology	 that	 is	 likely	 to	be	accepted	by	users	needs	 to	be	 integrated	
into	 the	 existing	 curriculum	 through	 new	 and/or	 redesigned	 tasks	 to	
enhance	the	users’	learning	experiences	and	hence	their	outcomes	(Fluck,	
2003;	Puentedura,	2010).	 	The	variety	of	 learning	resources	available	for	
learning	anatomy	are	discussed	next.		
	
2.4 RESOURCES	IN	LEARNING	ANATOMY		
	
Anatomy	 is	 an	 important	 subject	 in	 medical	 related	 studies.	 There	 are	
numersous	 learning	 options	 for	 anatomy	 including	 textbooks,	 lecture	
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notes,	 lab	 sessions	 with	 cadaveric	 dissection,	 prosected	 specimens,	
interactive	multi-media	 resources	 such	 as	 CDs	 or	 DVDs,	 plastic	 models,	
radiological	imaging	including	radiographs,	CT,	and	MRI,	surface	anatomy,	
and	 body	 painting	 (Marker,	 Juluru,	 Long,	 &	 Magid,	 2011;	 McNulty,	
Sonntag,	 &	 Sinacore,	 2009;	 Mustafa,	 Allouh,	 Mustafa,	 &	 Hoja,	 2013;	
Nguyen	 et	 al.,	 2012;	 Tan	 et	 al.,	 2012;	 Weber,	 Hincke,	 Patasi,	 Jalali,	 &	
Wiper-Bergeron,	 2012;	 Choi-Lundberg,	 Low,	 Patman,	 Turner,	 &	 Sinha,	
2015;	S	Yeom	et	al.,	2013).	
	
Cadaveric	 dissection	 is	 regarded	 as	 the	 gold-standard	 learning	 option	 in	
anatomy	 by	many	 commentators.	 Cadaveric	 dissection	 is	 the	 closest	 to	
the	real,	living	human	body	in	terms	of	understanding	three-dimensional	
anatomical	 spatial	 relationships	 in	 multiple	 senses,	 including	 tactile	
experiences	 (Saltarelli	 et	 al.,	 2014;	 Shaikh,	 2015).	 Other	 commentators	
argue	 that	 surface	 anatomy	 of	 a	 living	 human	 being	 is	 preferable	
(McNulty	 et	 al.,	 2009),	 but	 this	 does	 not	 allow	 detailed	 appreciation	 of	
anatomical	 relationships	 amongst	 deeply	 placed	 structures.	 However,	
difficulties	with	learning	through	cadaver	dissection	include	the	difficulty	
of	access	to	the	resources,	moral	and	ethical	issues,	cost,	logistics,	safety,	
and	students’	reactions	 including	attitudes	towards	death	and	dying	and	
future	patients	(Preece,	Williams,	Lam,	&	Weller,	2013;	Thomas,	2013).		
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The	Virtual	Human	Project	(Ackerman,	1998)	generated	serially	sectioned	
images	of	the	entire	body,	which	were	released	in	1994	(male)	and	1995	
(female).	Similar	datasets	of	Asian	bodies	were	released	in	2002	and	2003	
by	China,	followed	by	Korea	(Park	et	al.,	2005).	These	datasets	enable	the	
building	 of	 3D	 volume-rendered	 representations,	 with	 the	 potential	 for	
virtual	 dissection,	 which	 could	 eliminate	 many	 of	 the	 issues	 with	
cadaveric	dissection	discussed	above.		
	
Many	 reports	 on	 CAL	 resources	 and	 their	 the	 positive	 roles	 in	 anatomy	
curricular	 improvement	have	been	published	 (Codd	&	Choudhury,	2011;	
Dominguese,	2011;	Yeom	et	al.,	2013;	Kish	et	al.,	2013;	Lewis	et	al.,	2014;	
McNulty	 et	 al.,	 2009;	 Palombi	 et	 al.,	 2011;	 Ponnampalam,	 2013;	
Schvartzman,	 Salisbury,	 Silva,	 &	 Girod,	 2014;	 Yushkevich	 et	 al.,	 2006).		
Some	 (Lewis,	 McNulty)	 concentrated	 more	 on	 an	 individual’s	 learning	
approaches	 (see	 more	 in	 section	 2.6	 Learning	 Styles);	 others,	 such	 as	
Palombi	(2011),	focused	more	on	the	interactive	interface.	Many	including	
Ponnampalam	 (2013)	 attempted	 to	 provide	 better	 ways	 to	 identify	 key	
anatomy	 structures	 and	 their	 complex	 spatial	 relationships	 than	
traditional	resources.	
	
In	contrast	with	the	above	studies,	Preece	and	colleagues	(2013)	reported	
that	learning	with	a	physical	model	had	a	higher	achievement	(86%)	than	
with	 textbooks	 (63%)	 and	 a	 virtual	 3D	 reconstructed	 computer	 model	
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(64%).	The	students’	feedback	rated	positively	 in	the	physical	model	and	
the	3D	computer	model.	 It	 is	possible	that	the	advantage	of	the	physical	
model	 included	the	touch	sensation	it	provides;	the	3D	computer	model	
lacked	haptic	 feedback.	 If	physical	 interaction	has	benefits,	 this	could	be	
provided	 by	 a	 haptic	 interface,	 which	 could	 provide	 a	 better	 learning	
environment.		
	
As	 understanding	 the	 complex	 spatial	 relationships	 between	 organs	 is	
crucial	in	anatomy	learning,	and	virtual	3D	environments	can	provide	this	
information	 (Ponnampalam,	 2013).	 	 Codd	 and	 Choudhury	 (2011)	 found	
that	technology-enabled	3D	anatomy	learning	(they	called	it	virtual	reality	
anatomy	learning)	is	used	to	compliment	traditional	methods	of	learning	
effectively.	
	
Students’	 important	 factors	 for	 selecting	 CAL	 resources	 were	 cost,	 self-
assessment	 opportunities,	 user	 friendliness,	 alignment	 with	 curriculum,	
and	 good	 graphics	 (Choi-Lundberg	 et	 al.,	 2015).	 Additional	 factors	 in	
another	 study	 were	 to	 prepare	 for	 examinations	 and	 understand	
anatomical	 relationships	 (Marker	 et	 al.,	 2011),	 in	 other	 words,	 spatial	
relationships	among	organs	as	mentioned	above.		
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By	adding	an	additional	sensory	modality	of	haptic	feedback,	anatomical	
these	spatial	relationships	might	be	more	effectively	mastered	because	of	
the	additional	interaction	dimension.	
	
2.5 HAPTIC	TECHNOLOGY	IN	MEDICAL	AREAS	
	
Using	all	our	senses	is	the	natural	way	we	interact	with	and	learn	from	the	
world.	 	 Multimodal	 feedback	 in	 human-computer	 interactions	 is	 being	
used	more	widely	due	to	technological	advances.		A	recent	study	(Sigrist	
et	 al.,	 2013)	 has	 revealed	 that	 concurrent	multimodal	 feedback	 can	 be	
effective	 if	 the	 task	 to	 be	 learned	 is	 complex;	 specifically,	 visuohaptic	
feedback	 can	 be	 effective	 for	 spatiotemporal	 learning,	 with	 improved	
short-term	retention.	
	
We	may	apply	the	same	technology	in	learning,	anticipating	that	it	should	
enhance	 learning	 experiences.	 As	 technology	 assists	 to	 depict	 key	
anatomical	structures	and	their	complex	spatial	relationships	by	providing	
3D	 models	 and	 interactivity,	 a	 haptic	 interface	 may	 further	 improve	
available	 learning	 options	 and	 experiences.	 	 Haptic	 interfaces	 have	 not	
replaced	current	practice,	but	may	provide	additional	 learning	resources	
that	 would	 be	 beneficial	 in	 anatomy	 education.	 As	 Dede	 (1996)	
concluded,	 “keeping	 a	 balance	 between	 virtual	 interaction	 and	 direct	
interchange	 is	 important”.	 	 He	 continued,	 “Technology-mediated	
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communication	 and	 experience	 supplement,	 but	 do	 not	 replace,	
immediate	involvement	in	real	settings”.	
	
Student	 acceptance	 of	 and	 learning	 from	 CAL	 resources	 incorporating	
haptic	 feedback	 have	 been	 evaluated	 in	 various	 advanced	 medical	
procedural	contexts.	 	For	example,	performance	of	complex	laparoscopic	
surgery	tasks	is	improved	by	provision	of	haptic	feedback	compared	to	no	
haptic	 feedback	 (Panait	 et	 al.,	 2009).	 	 Medical	 residents	 rated	 virtual	
dissection	 of	 a	 temporal	 bone	 simulator	 using	 a	 Phantom	 Omni	 haptic	
device	similar	to	plastic	models,	but	lower	than	cadaveric	temporal	bone	
dissection	(Fang,	Wang,	Liu,	Su,	&	Yeh,	2014).	All	medical	students	as	well	
as	 residents	 in	 this	 study	 agreed	 that	 the	 simulation	 helped	 the	
comprehension	 of	 the	 selected	 temporal	 bone	 anatomy	 by	 improving	
average	 comprehension	 score	 significantly	 from	 before	 to	 after	 training	
with	 the	 simulation.	 Students	 trained	 only	 on	 HapTEL	 virtual	 teeth	
performed	 as	 well	 as	 those	 trained	 on	 traditional	manikins	 with	 plastic	
teeth	(Arevalo	et	al.,	2013).		Most	first	year	veterinary	students	who	used	
a	 ‘haptic	 cow’	 rectal	 palpation	 simulator	 agreed	 that	 it	 was	 useful	 for	
learning	 the	 feel	 and	 locations	of	 anatomical	 structures	 (Kinnison	et	 al.,	
2009).	 	 Post-graduate	 surgical	 trainees	 using	 a	 3D	 stereoscopic	 virtual	
reality	 system	with	 haptic	 interface	 (CyberTouch	 gloves)	 improved	 their	
knowledge	 of	 inguinal	 canal	 anatomy	 more	 than	 the	 traditional	 2D	
Chapter	2	
																																																																																																																																																											
	 42	
resources	 group,	 and	 rated	 the	 system	 higher	 on	 engagement,	 ease	 of	
use,	and	learning	spatial	relationships	(Sakellariou	et	al.,	2009).	
	
Visual	 display	 of	 deformation	 is	 another	 important	 feedback	 to	 provide	
haptic	 interface	 to	 the	 user.	 One	 particular	 feedback	 for	 this	 is	 force	
measurement	 and	 deformation	 technique	 (Choi,	 Sun,	 &	 Heng,	 2003;	
Tercero	et	al.,	2013;	Ullrich	&	Kuhlen,	2012).		A	deformable	model	based	
on	propagation	process	was	proposed	as	early	as	2003	(Choi	et	al.,	2003)	
and	the	practical	uses	of	the	technique	with	Phantom	Omni	are	occurring	
in	various	medical	related	areas,	as	overviewed	above,	since	then.		
	
2.5.1 Anticipated	benefits	of	haptic	feedback	in	learning	
anatomy	
	
Physical	 anatomical	 models	 can	 be	 explored	 with	 sight	 and	 touch,	 and	
improve	spatial	anatomical	understanding	more	 than	 textbooks	and	CAL	
resources	 without	 haptic	 feedback	 (Preece,	 Williams,	 Lam,	 &	 Weller,	
2013).	 	 Touch	 and	 kinaesthetic	 sensation	 through	 feeling	 and	
manipulating	 real	 human	 tissues	 is	 available	 in	 anatomical	 training	
through	 studying	 cadavers,	 prosected	 specimens,	 and	 living	 human	
models	 (Dev	et	al.,	2002;	McLachlan	&	Patten,	2006),	and	 is	particularly	
important	 for	 surgical	 and	 procedural	 training	 (Dev	 et	 al.,	 2002).	 	 Thus,	
adding	haptic	 feedback	devices	and	software	to	CAL	resources	has	been	
an	active	area	of	research	and	development	for	two	decades,	including	for	
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surgical	training	(Dev	et	al.,	2002;	Fang	et	al.,	2014;	Hoffman	&	Vu,	1997;	
Panait	 et	 al.,	 2009;	 Ruthenbeck	 &	 Reynolds,	 2015),	 clinical	 procedural	
training	 (Arevalo	 et	 al.,	 2013),	 palpation	 training	 (Howell,	 Conatser,	
Williams,	 Burns,	 &	 Eland,	 2008),	 and	 anatomical	 education	 (Dev	 et	 al.,	
2002;	 Ingole	 et	 al.,	 2015;	 Khot,	 Quinlan,	 Norman,	 &	 Wainman,	 2013;	
Kinnison,	 Forrest,	 Frean,	 &	 Baillie,	 2009;	 Lewis	 et	 al.,	 2014;	 Sakellariou,	
Ward,	Charissis,	Chanock,	&	Anderson,	2009;	Weber	et	al.,	2012).			
	
Haptic	 feedback	 is	 especially	 valuable	 in	 surgical	 and	medical	procedure	
training	and	related	anatomy,	engaging	kinaesthetic	feedback	 in	 learning	
specific	motor	skills.		These	procedures	typically	involve	instrument-based	
rather	than	direct-touch	procedures;	hence,	a	stylus-based	haptic	device	
can	provide	high	fidelity	haptic	feedback.		In	contrast,	in	anatomy	learning	
from	cadavers,	prosected	specimens,	or	anatomical	models,	touching	and	
manipulating	objects	with	all	 fingers	of	both	hands	cannot	be	replicated	
with	high	fidelity	with	a	stylus-based	haptic	interface.		These	factors	likely	
contributed	 to	 the	earlier	adoption	of	haptic	 interface	virtual	 training	 in	
surgical	applications	rather	than	anatomy,	 in	addition	to	the	high	cost	of	
haptic	 devices.	 However,	 as	 the	 cost	 of	 technology	 drops	 and	 haptic	
interfaces	 improve,	 diffusion	 of	 the	 technology	 will	 enable	 students	 to	
learn	 anatomy	 with	 haptic	 systems.	 If	 some	 students	 learn	 better	 with	
tactile/haptic	stimulation,	it	can	be	an	alternative	and	beneficial	interface	
option	for	them.	
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2.5.2 Interactive	Interface	
	
Interactivity	 is	 key	 to	 achieving	 benefits	 of	 technology	 in	 education.	
Furthermore,	 it	 is	 important	 that	 alternative	 options	 are	 available	 for	
flexibility	 for	 different	 learners	 or	 in	 different	 circumstances.	 An	
interactive	interface	is	the	crucial	factor	for	improved	learning	and	this	is	
facilitated	when	 learners	have	an	active	 role	 in	 their	 learning	 (Kirschner,	
Kester,	&	Corbalan,	2010).		
	
After	20	years	of	advancement	 in	the	technology	of	 learning,	the	role	of	
technology	 remains	 as	 a	 useful	 tool	 rather	 than	 replacing	 an	 existing	
learning	 setting.	 There	 is	 therefore	 scope	 for	 investigating	 the	 learning	
benefits	 of	 using	 haptics	 in	 learning	 anatomy,	 given	 the	 availability	 of	
relatively	inexpensive	haptic	interface	devices.	The	responses	of	anatomy	
students	 to	 such	 a	 system	 will	 be	 a	 key	 indicator	 of	 its	 usefulness	 in	
learning	anatomy	in	haptics.	This	provides	a	rationale	for	the	first	research	
question:	
	
RQ	1:	What	are	undergraduate	students’	responses	to	and	attitudes	
toward	a	haptic	interface	for	learning	anatomy?		
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2.6 HAPTIC	DEVICES,	AND	THE	PHANTOM	OMNI	AS	AN	EXAMPLE		
	
Types	 of	 feedback/sensory	 input	 that	 are	 provided	 to	 the	 user	 will	 be	
examined,	and	how	these	relate	to	learning	with	the	Phantom	Omni	as	an	
example	 of	 a	 haptic	 interface.	 The	 Phantom	Omni	measures	 3D	 spatial	
position	(along	x-,	y-	and	z-axes)	and	the	orientation	(roll,	pitch	and	yaw)	
of	its	handheld	stylus,	and	uses	motors	to	create	forces	that	push	back	on	
the	 user’s	 hand	 to	 simulate	 touch	 and	 interaction	 with	 virtual	 objects.		
Degrees	of	freedom	are	6,	and	Degrees	of	force	feedback	are	3.	
	
The	 device	 used	 in	 this	 study	 is	 Phantom	Omni.	 It	 has	 been	 previously	
used	 for	 tele-surgery	 for	 catheter	 insertion,	 the	 result	 was	 assessed	 as	
“deformation	 was	 successfully	 measured”	 in	 the	 haptic	 environment	
(Tercero	 et	 al.,	 2013).	 	 Also	 many	 more	 medical	 studies	 with	 Phantom	
Omni	 including	Teklemariam	et	al.	 (2015)	and	Tercero	et	al.	 (2013)	were	
found.	 	 Teklemariam	 and	 Das	 (2015)	 experimented	 and	 explained	 how	
beneficial	 integrating	 virtual	 reality	 and	 haptic	 feedback	 in	 product	
development	was	with	a	computer-aided	design	(CAD)	model.	Bryan	and	
his	 team	 have	 used	 a	 similar	 to	 this	 as	 early	 as	 2001,	 but	with	 a	more	
complex	version	of	the	device(Bryan,	Stredney,	Wiet,	&	Sessanna,	2001).		
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The	 areas	 of	 use	 of	 haptic	 devices	 include	 palpation,	 needle	 insertion,	
(Thomas,	 2013),	 endoscopy,	 endovascular	 procedures	 and	 arthroscopy	
(Benyahia,	Van	Nguyen,	Chellali,	&	Otmane,	2015;	Ullrich	&	Kuhlen,	2012).	
For	 example,	 a	 study	 used	 haptic	 palpation	 with	 a	 multi-object	 force	
algorithm	 to	 support	 multiple	 layers	 of	 anatomy	 and	 a	 pulse	 force	
algorithm	for	simulation	of	an	arterial	pulse	with	Phantom	Omni	with	an	
extra	pad	attached	to	it	(Howell	et	al.,	2008;	Ullrich	&	Kuhlen,	2012).		
	
Real	 time	 response	 is	 essential	 in	 haptic	 feedback.	 This	 requires	 rapid	
processing	 using	 a	 reasonably	 powerful	 computer.	 Our	 visual	 system	
recognizes	25-30	interlaced	images/frames	per	second	as	a	smooth	video,	
but	haptic	perception	 requires	a	 significantly	 faster	 rate.	 	As	Coles	et	al.	
(2011)	 suggested,	 “The	 required	 refresh	 rate	 to	 provide	 realistic	 force	
feedback	 is	 commonly	 accepted	 to	 be	 at	 least	 1000	 Hz”.	 This	 higher	
frequency	 requires	a	more	powerful	 computer	processor.	Therefore,	 the	
greater	 realism	 comes	 at	 a	 cost	 in	 resource	 terms.	A	 “fast	 and	 accurate	
collision	detection	is	crucial	in	any	VR-based	surgery	simulation	system”	in	
an	 advanced	 environment	 (Wu	 et	 al.,	 2014).	 The	 tactile	 and	 visual	
feedback	needs	to	be	integrated	as	well	as	fast.		
	
It	 is	clear	the	nature	of	the	system	itself	will	be	a	crucial	determinant	of	
the	efficacy	of	any	haptic	device	used	for	learning	anatomy.	There	will	be	
external	elements	of	the	system	immediately	apparent	to	the	learner,	and	
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internal	design	conditions	which	are	hidden.	The	design	complexity	of	the	
learning	 system	 is	 such	 an	 internal	 condition.	 This	 leads	 to	 the	 third	
research	question:	
	
RQ3:	What	elements	of	the	(haptic)	learning	system	influence	user	
acceptance?	
(RQ2	is	below)	
	
2.7 OTHER	FACTORS	AFFECTING	LEARNING	AND	USER	
ACCEPTANCE	–	LEARNING	STYLES	AND	GENDER	
	
2.7.1 Learning	Styles	
	
Understanding	 learning	 preferences	 and	 styles	 of	 an	 individual	 is	
important	 in	 order	 to	 provide	 more	 suitable	 resources	 and	 learning	
experiences	to	fit	an	individual’s	needs	(Lewis	et	al.,	2014;	McNulty	et	al.,	
2009).	 Conveying	 anatomical	 information	 to	 the	 user	 in	 the	 most	
appropriate	manner	for	an	individual’s	learning	style	is	crucial	(Lewis	et	al.	
2004).	 	 Both	 less	 anxiety	 and	 improved	 clinical	 performance	 were	
reported	 when	 students	 studied	 in	 their	 learning	 style	 preference	
(Boström	&	Hallin,	2012).		
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The	term	‘learning	styles’	has	been	used	since	1950s,	but	there	have	been	
different	views	on	its	meaning.	Due	to	the	disagreement	on	the	definition,	
there	are	many	different	tools	to	measure	different	constructs,	including,	
for	example,	the	Meyers	Briggs	Type	Indicator	(MBTI),	Kolb’s	learning	style	
Inventory,	Dunn	and	Dunn	learning	style	model	(Boström	&	Hallin,	2012),	
visual	 (V),	 aural	 (A),	 reading/writing	 (R),	 and	 kinesthetic	 (K)	 VARK	 test	
(Fleming,	1995),	and	others.		
	
Different	learning	styles	or	preferences	in	individual	learners	may	have	an	
influence	 on	 learning.	 In	 order	 to	 investigate	 how	 different	 types	 of	
learners	accept	haptic	interfaces	in	simulations,	the	VARK	instrument	was	
used	 in	the	present	study.	The	VARK	 instrument	 is	described	 in	the	next	
section.		
	
2.7.2 The	VARK	tool		
	
Fleming’s	 (1995)	 VARK	 instrument	 identifies	 people’s	 preferences	 for	
visual	 (V),	 aural	 (A),	 reading/writing	 (R),	 and	 kinesthetic	 (K)	 sensory	
modalities.	It	consists	of	16	questions	with	four	options	each.	Each	option	
relates	 to	 one	 of	 the	 four	 particular	 sensory	 modalities,	 so	 that	 the	
modality	(or	modalities)	selected	more	frequently	is	more	preferred	(See	
Appendix	 2).	 Leite	 and	 his	 colleagues	 (2009)	 investigated	 validity,	
reliability	 and	 dimensionality	 of	 the	 VARK	 tool	 in	 depth	 using	 its	
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psychometric	 properties;	 their	 analysis	 supported	 the	 VARK	 tool	 as	 an	
instrument	for	identifying	learning	preferences.	The	VARK	instrument	has	
also	been	found	to	have	adequate	validity	and	reliability	specifically	with	
medical	students	(Nuzhat,	Salem,	Quadri,	&	Al-Hamdan,	2011). 
	
2.7.3 Gender	difference	in	User	Acceptance		
	
Gender	 differences	 of	 university	 students	 for	 user	 acceptance	 were	
examined	 in	 the	 framework	of	 the	Technology	Acceptance	Model	 (Terzis	
&	Economides,	2011;	Padilla-Meléndez	et	al.,	2013).	 	There	was	a	report	
on	 gender	 differences	 of	 university	 students	 in	 the	 framework	 of	 the	
Technology	 Acceptance	 Model	 (TAM)	 with	 Internet-based	 courses	
(Padilla-Meléndez,	 del	 Aguila-Obra,	 &	Garrido-Moreno,	 2013).	 Students’	
attitude	toward	a	technology	and	the	intention	to	use	it	were	examined	in	
the	 addition	 of	 another	 element,	 ‘perceived	 playfulness’	 in	 Padilla-	
Meléndez’s	 study.	 It	 reported	 that	 there	was	gender	difference	not	only	
with	the	element	of	perceived	playfulness	but	also	preferring	element	as	
usefulness	 by	 male	 and	 ease	 of	 use	 by	 female.	 Terzis	 and	 Economides	
(2011)	 agreed	 on	 that	males	 were	more	motivated	 by	 ‘usefulness’	 and	
influenced	by	 social	environment,	 and	 females	were	more	motivated	by	
exam	 preparation,	 playfulness,	 and	 ‘ease	 of	 use’.	 However,	 these	
differences	were	not	statistically	significant.	
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However	another	research	reported	that	there	is	a	difference	in	genders,	
both	 in	perception	and	acceptance	of	 e-learning	 (Ong	&	 Lai,	 2006).	 The	
study	 involved	 six	 international	 companies	 and	 each	 developed	 their							
e-learning	systems	for	their	own	context.	It	is	suggested	that	females	are	
more	significantly	 influenced	by	their	perception	of	ease	of	use	whereas	
males	are	 influenced	more	on	usefulness	when	they	accepted	a	system.	
Another	 study	 about	 computer-based	 assessment	 from	 Terzis	 and	
Economides	(2011)	agrees	with	the	result	of	Ong	and	Lai.		
	
While	 the	 system	 itself	 will	 affect	 learning	 efficacy	 (RQ3),	 equally	 the	
nature	of	the	learner	will	also	be	important.	Some	of	these	characteristics	
have	been	explored	here,	and	appear	to	be	the	most	likely	factors	which	
might	influence	learning	from	and	acceptance	of	the	system.		
	
RQ2:	 What	 user	 characteristics	 influence	 their	 learning	 from	 and	
acceptance	of	the	haptic	learning	system:	VARK	learning	styles,	especially	
kinaesthetic	learners;	gender,	prior	experience	with	haptic	/	3D	interfaces,	
and	course/unit	of	study?	
	
	
2.8 RESEARCH	QUESTIONS	
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There	 are	 growing	 numbers	 of	 studies	 on	 how	 a	 haptic	 interface	 is	
accepted	 in	 surgical	 training,	 but	 not	 many	 studies	 have	 been	 done	 in	
anatomy	 learning,	 and	 on	 how	 undergraduate	 students	 respond	 to	 a	
haptic	 interface	 for	 learning	 anatomy	 in	 particular.	 Understanding	 what	
elements	of	the	system	and	characteristics	of	the	users	make	them	accept	
the	 system	 is	 the	aim	of	 this	 thesis.	 The	 study	has	been	 framed	around	
the	following	three	research	questions:	
RQ1:	 What	 are	 undergraduate	 students’	 responses	 to	 and	
attitudes	toward	a	haptic	interface	for	learning	anatomy?		
	
RQ2:	What	 user	 characteristics	 influence	 their	 learning	 from	 and	
acceptance	 of	 the	 haptic	 learning	 system:	 VARK	 learning	 styles,	
especially	 kinaesthetic	 learners;	 gender,	 prior	 experience	 with	
haptic	/	3D	interfaces,	course/unit	of	study				
	
RQ3:	What	elements	of	 the	haptic	 learning	 system	 influence	user	
acceptance?		
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3 CHAPTER	3	RESEARCH	METHODOLOGY	
3.1 INTRODUCTION	
	
his	chapter	discusses	the	decisions	made	and	the	processes	used	in	
the	 research	 to	examine	acceptance	of	 the	haptic	 learning	 system	
by	undergraduate	students.		
	
As	we	had	seen	in	the	literature	review	section,	the	haptic	technology	has	
advanced	with	 the	 particular	 device	 for	 a	while.	 But	 that	was	mainly	 in	
the	surgery	area.	Now	we	would	like	to	see	what	kind	of	acceptance	we	
can	 see	 from	 the	 same	 device	 in	 a	 related	 but	 slightly	 different	 subject	
area	 –	 anatomy.	 Also	 if	 that	 would	 be	 acceptable	 by	 a	 students	 with	
different	 learning	preferences	and/or	different	 individual	 factors	 such	as	
gender,	courses	of	their	study,	etc.		
	
It	thus	describes	the	overall	research	methodology.		Action	Research	and	
Design	 Research	 are	 two	 main	 methodologies	 this	 study	 adopted,	 and	
T	
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analysis	 of	 the	 results	 was	 done	 both	 with	 quantitative	 and	 qualitative	
data	analysis.	The	research	design	and	processes,	such	as	how	the	system	
was	 implemented	 and	 how	 three	 user	 tests	 were	 developed,	 are	
explained	in	this	chapter.	
	
The	 research	 questions	 were	 addressed	 as	 the	 system	 evolved	 through	
three	versions	of	increasing	complexity	in	response	to	user	feedback	and	
learning	theory.	
	
3.2 RESEARCH	METHODOLOGY	
	 	
The	 project	 is	 multidisciplinary,	 incorporating	 Computer	 Science,	
Medicine,	 and	 Education	 and	 therefore	 collaboration	 amongst	
technologies,	 practitioners,	 and	 the	 researcher	 is	 crucial	 (Reeves,	 2000,	
2006).	 	 Refinement	 and	 further	 development	 of	 system	 versions	 and	
research	 approaches	was	 undertaken	 throughout	 the	 project	 in	 a	 cyclic	
fashion,	moving	between	the	disciplines.	
	
Research	may	have	more	 than	one	 function;	 for	 example,	 Plomp	 (2009)	
described	 eight	 different	 functions.	 Out	 of	 the	 eight	 functions	 he	
identified,	 this	 research	 includes	 part	 or	 all	 from	 the	 following	 two	
functions:	 “actions	 research	 (to	 design/develop	 a	 solution	 to	 a	 practical	
problem),	and	design	research	(to	design	/develop	an	 intervention	[such	
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as	 programs,	 teaching-learning	 strategies	 and	 materials,	 products	 and	
systems]	 with	 the	 aim	 to	 solve	 a	 complex	 educational	 problem	 and	 to	
advance	our	 knowledge	 about	 the	 characteristics	 of	 these	 interventions	
and	the	processes	to	design	and	develop	them)”	(ibid.	p.12).		Thus,	Action	
Research	and	Design	Research	were	selected	as	the	prime	methodologies	
of	the	research	to	investigate.	
	
3.2.1 Action	Research	
	
Action	 Research	 is	 an	 integration	 of	 educational	 research	with	 teaching	
and	 learning	 practices	 (Page,	 1994).	 	 It	 combines	 action	 and	 reflection,	
and	 theory	 and	 practice	 (Brydon-Miller,	 Greenwood,	 &	Maguire,	 2003).	
Dickie	 and	 Jay	 (2010)	 stated	 “the	 cyclical	 nature	 of	 action	 research	
ensures	 that	 improvement	 to	 both	 teaching	 and	 learning	 is	 ongoing	
throughout	 the	 process”,	 by	 quoting	 Mills	 (2000)	 and	 Brydon-Miller,	
Greenwood	and	Maguire	(2003).	
	
Action	 research	 includes	 the	 cyclic	 approach	 of	 planning,	 acting,	
observing,	and	reflecting	which	adopts	a	revised	theory	at	each	rotation	
(Lingard	 &	 Kennedy,	 2010;	 Coghlan	 &	 Brydon-Miller,	 2014).	 Action	
researchers	 aim	 to	 create	 and	 build	 a	 broader	 connection	 across	
disciplinary	divides.	
	
Chapter	3	
																																																																																																																																																											
	 55	
3.2.2 Design	Research	
	
‘Design	Research’	is	variously	called		‘design-based	research’	(Anderson	&	
Shattuck,	 2012),	 ‘design	 research’	 (Reeves	 2010)	 and	 ‘development	
research’	(Oh	&	Reeves,	2010),	but	‘Design	Research’	is	the	term	used	in	
this	thesis.		
	
Design	 Research	 includes	 educational	 design	 process	 in	 a	 cyclic	 and	
iterative	 approach	with	 analysis,	 design,	 evaluation	 and	 revision	 activity	
(Collins,	 Joseph,	&	Bielaczyc,	 2004;	Hjalmarson,	Nelson,	&	 Lorie;	 Plomp,	
2009)	 and	 this	 practice	 of	 Design	 Research	 is	 aimed	 at	 developing	 an	
optimal	 solution	 for	 a	main	 content	 –	which	 is	 learning	 anatomy	 in	 the	
present	study.		
	
Design	 Research	 allows	 for	 staged	 implementation	 and	 retesting	 of	 the	
system.	In	this	study,	LAHFS	was	improved	over	three	cycles	incorporating	
user	acceptance	and	comments	at	each	stage.	
	
3.2.3 Comparing	Action	Research	and	Design	Research	
	
Both	 research	 methods	 may	 be	 suitable	 to	 adapt	 for	 this	 project,	 and	
further	clarification	on	how	different	aspects	of	each	research	method	fit	
to	the	study	will	be	examined	in	the	section.	
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Action	Research	and	Design	Research	are	 similar	 in	 terms	of	 their	 cyclic	
approach.	 However,	 the	 focus	 of	 Action	 Research	 is	 a	 participatory	
process	of	research	and	practice,	frequently	used	in	educational	contexts.	
It	 is	 also	 defined	 as	 bringing	 together	 action	 and	 reflection,	 theory	 and	
practice,	 and	 it	 may	 include	 participation	 with	 others.	 Then	 it	 is	 sub-
defined	as	participatory	action	research	(Brydon-Miller	et	al.,	2003).				
	
As	 the	 researcher	 was	 not	 involved	 in	 teaching	 anatomy,	 so	 lacked	 the	
participatory	aspect	common	in	this	approach.	Furthermore,	the	external	
perspective	of	several	varied	cohorts	of	learners	offered	an	opportunity	to	
generalise	findings	to	a	wider	population.	Although	this	research	aimed	at	
acquiring	 new	 knowledge	 initially	 and	 Action	 Research	was	 a	 particular	
approach	 that	 may	 have	 been	 used,	 this	 study	 wanted	 to	 acquire	 new	
knowledge	from	a	variety	of	cohorts,	so	Action	Research	was	not	the	most	
suited	one	to	this	study.	Therefore	Action	Research	was	not	adopted	in	its	
entirety,	but	contributed	towards	the	methodology.	
	
On	the	other	hand,	Design	Research	focuses	on	the	development	process	
in	 terms	of	 iteration	 towards	an	outcome.	Design	Research	also	 focuses	
on	 educational	 technology	 (Oh	 &	 Reeves,	 2010).	 This	 research	 is	 more	
focused	on	the	use	of	technologies	and	their	applications	in	the	learning	
domain.	An	important	aspect	of	Design	Research	is	the	effect	of	previous	
iterations	on	the	construction	of	the	system	at	the	centre	of	the	study.	In	
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that	 context,	 Design	 Research	 was	 a	 better	 fit	 and	 this	 was	 adopted.	
Analyses	were	also	undertaken	in	early	stages	of	the	research	in	order	to	
inform	subsequent	decisions.	
	
Thus,	 this	 research,	 involving	 the	 development	 and	 evaluation	 of	 user	
acceptance	 of	 a	 haptic	 system	 to	 assist	 the	 learning	 of	 anatomy,	 draws	
more	 heavily	 on	 Design	 Research	 methodology,	 while	 incorporating	
elements	of	Action	Research	in	terms	of	developing	a	system	for	a	specific	
educational	context	 (undergraduate-level	anatomy)	 in	a	cyclic	manner	 in	
response	 to	 user	 (participant)	 feedback.	 Problem	 definition	 and	
identification	 of	 improvement	 were	 done	 in	 the	 initial	 survey,	 and	
conceptual	 design	 was	 also	 done	 at	 this	 stage.	 This	 software	 and	
hardware	improvement	from	stage	to	stage	was	key,	and	made	the	Design	
Research	approach	a	better	fit	to	the	study.	
	
3.3 THE	“LEARNING	ANATOMY	WITH	HAPTIC	FEEDBACK	SYSTEM”	
PROJECT		
	
A	 system	 designated	 ‘Learning	 Anatomy	 with	 Haptic	 Feedback	 System’	
(LAHFS),	was	built	for	this	study.	 It	provides	haptic	feedback	on	different	
organs	 of	 the	 body	 using	 a	 stylus.	 	 This	 prototype	 includes	 liver,	 lungs,	
heart,	and	major	blood	vessels,	and	 is	not	 intended	as	a	comprehensive	
tool,	but	rather	a	test	vehicle	for	the	research.	In	this	chapter	the	features	
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and	 development	will	 be	 described	with	 its	 evolution	 through	 cycles	 of	
development.		
	
3.3.1 Description	of	Participants	
	
Undergraduate	students	 in	selected	courses	or	units	at	 the	University	of	
Tasmania	were	invited	to	participate	in	the	user	test	sessions	via	an	email	
or	 learning	 management	 system	 announcement.	 Participants	 were	
students	 in	 the	 Bachelor	 of	 Medicine	 and	 Bachelor	 of	 Surgery	 (MBBS,	
medical	students),	Bachelor	of	Computing	(BComp,	computing	students),	
or	the	unit	CXA273	Anatomy	and	Physiology	2	(various	courses	 including	
Bachelor	 of	 Health	 Science,	 Biomedical	 Science,	 Exercise	 Science,	 and	
Education;	allied	Health	and	Education	students).			
	
A	total	of	89	students	participated	 in	user	tests	for	system	versions	1,	2,	
and	3,	including	58	males	and	31	females.		The	mean	and	median	ages	of	
the	 users	 were	 21	 and	 20	 years,	 respectively.	 The	 majority	 of	 the	
participants	were	 enrolled	 in	 the	 Bachelor	 of	Medicine	 and	 Bachelor	 of	
Surgery	course	(n=59),	with	the	remainder	in	the	Bachelor	of	Computing	
(n=10),	 and	 the	unit	 CXA273	Anatomy	and	Physiology	2	 (n=20)	who	are	
enrolled	 in	 Health	 Sciences	 and	 Education	 Bachelor	 courses.		
Demographic	information	is	shown	in	Table	3-1.	
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Table	3-1	Summary	of	Participants	
	 System	v1	 System	v2	 System	v3	
Number	of	participants	 18	 27	 44	
Course	or	unit	of	study	 MBBS2/3	(8)	 MBBS1	
(27)	
MBBS1	(24)	
Computing	
(10)	
	 CXA273	
(20)	
Male	 15	 17	 26	(12	
MBBS1	+	
14	
CXA273)	
Female	 3	 10	 18	(12	
MBBS1		+	
6	CXA273)	
Age	(years):	Mean,	median,	
range	
	
23,	22,	19-33		 20,	19,	18-
31		
21,	20,	
18-26		
Previous	
experience	
with	haptic		
Not	at	all	 14	 26	 34	
Not	more	than	
10	
4	 0	 7	
More	than	10	 0	 1	 3	
Previous	
experience	
with	3D		
Not	at	all	 1	 9	 16	
Not	more	than	
10	
5	 9	 21	
More	than	10	 12	 9	 7	
	
	
3.3.2 Surveys	
	
3.3.2.1 Initial	Survey	
Prior	 to	 implementation	 and	 development	 of	 the	 first	 version	 of	 the	
system,	an	interview	was	conducted	with	an	Anatomy	Lecturer,	followed	
by	a	survey	with	23	(12	female	and	11	male)	3rd	year	medical	students	on	
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March	 10,	 2011	 to	 collect	 information	 from	 key	 stakeholders.	 The	main	
questions	asked	were		
	
1. What	aspects	of	learning	anatomy	do	you	find	most	difficult?		
2. What	are	your	usual	resources	to	study	anatomy?	Why	do	you	use	
these?		
3. What	are	the	limitations	of	these	resources?		
	
The	results	from	the	survey	were	analysed	and	reported	in	section	4.1.	
According	 to	 the	 feedback	 from	 the	 students,	 also	 confirmed	 with	 the	
literature,	 that	 similar	 experiments	 have	 been	 conducted	 in	 the	 surgery	
field,	but	not	yet	for	anatomy.	
	
The	 main	 purpose	 of	 the	 survey	 was	 to	 determine	 if	 another	 type	 of	
learning	resource	in	anatomy	would	benefit	some	or	all	medical	students.		
	
3.3.2.2 User	tests	
The	first	user	test	was	run	on	several	occasions	between	December	2011	
and	March	2012.	 The	 second	user	 test	was	on	May	31st	 2012.	 	 The	3rd	
user	test	was	on	May	9th	and	May	23rd	in	2013	(Figure	3-1).		
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Figure	3-1	Timing	of	initial	survey	and	user	tests	with	3	versions	of	LAHFS	
	
	
	 Version	1	was	with	year	2	and	3	medical	students	(the	system	was	set	up	
in	a	tutorial	room,	participation	through	email	 invitation)	and	computing	
students	 in	 the	 period	 from	Dec	 2011	 to	March	 2012.	 This	 version	was	
designed	to	see	the	initial	responses	from	users	with	two	selected	organs	
with	different	density	(liver	and	lungs).	The	anatomy	content	was	limited	
to	enable	computing	students	to	test	 the	system	without	being	daunted	
by	complex	anatomy.		
	
	 Version	 2	 was	 done	 with	 year	 1	 medical	 students	 during	 the	 practical	
session	 on	 prenatal	 development	 including	 organogenesis	 of	
cardiovascular,	 respiratory	and	digestive	systems	on	31	May	2012.	 	They	
had	 a	 previous	 practice	 session	 three	 weeks	 earlier	 (10	 May	 2012)	 on	
gross	anatomy	of	organ	systems	including	cardiovascular,	respiratory	and	
digestive	systems.	
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The	 content	was	 expanded	 to	 align	with	 learning	 objectives	 for	 1st	 year	
medical	students.		
	
	 Version	 3	 was	 run	 twice	 with	 two	 different	 cohorts:	 one	 with	 year	 1	
medical	 students	on	9	May	2013	during	a	practical	on	gross	anatomy	of	
organ	 systems	 including	 cardiovascular,	 respiratory	 and	 digestive.	 	 The	
other	one	was	with	CXA273	Anatomy	&	Physiology	2	students	on	23	May	
2013	 during	 a	 practical	 in	week	 12	 on	 renal	 system	 anatomy.	 Practicals	
earlier	 in	the	semester	were	on	cardiovascular,	respiratory,	and	digestive	
systems.		
	
3.3.2.3 The	LAHFS	system	development	
The	 Software	 Development	 Life	 Cycle	 and	 the	 Waterfall	 Model	 in	
particular	were	used	for	developing	and	implementing	the	LAHFS	system.	
This	 included	 identifying	 system	 requirements,	 software	 requirements,	
preliminary	 design	 based	 on	 analysis,	 program	design,	 code	 and	 debug,	
test	 and	 pre-operations,	 operations	 and	 maintenance	 in	 an	 iterative	
procedure	between	successive	steps	(Bassil,	2012;	A.	M.	Davis,	Bersoff,	&	
Comer,	1988;	Royce,	1970).	
	
The	 cyclic	 process	 of	 Design	 Research	 is	 very	 similar	 to	 systems	
development	 life	 cycle	 in	 software	 development.	 As	 a	multi-disciplinary	
project,	 it	 is	 practical	 to	 take	 the	 approach	 that	 has	 a	 similarity	 in	 both	
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areas,	 i.e.	 designing	 an	 educational	 system	 and	 a	 software	 system	
development.		
	
3.3.3 System	Evolution	and	Experimental	Setting	
	
The	level	of	anatomical	detail	 in	the	system	aligns	better	with	the	year	1	
medical	students’	expected	knowledge,	so	these	students	rather	than	2nd	
and	 3rd	 year	 students	 were	 recruited	 to	 test	 the	 system	 for	 system	
versions	2	and	3.	The	permission	of	 the	Anatomy	Lecturer	was	obtained	
to	 set	 up	 the	 system	at	 one	 station	 of	 a	 practical	 laboratory	 session	 on	
Introductory	Anatomy	during	regular	class	time.		The	system	was	relevant	
to	the	learning	objectives	of	the	practical.	
	
System	version	3	incorporated	a	quiz	involving	identification	of	anatomical	
structures,	 to	 further	 improve	 the	 potential	 pedagogical	 value	 of	 the	
haptic	 system.	 	 	 There	were	 two	different	 user	 groups:	 1st	 year	medical	
students	 (a	 different	 cohort	 from	 user	 test	 2)	 and	 students	 enrolled	 in	
CXA273	 Anatomy	 and	 Physiology	 2,	 a	 unit	 including	 study	 of	 the	
cardiovascular,	 respiratory	 and	 digestive	 systems.	 	 Thus,	 both	 groups	 of	
students	were	 studying	 topics	 related	 to	 the	 anatomical	 content	 of	 the	
system	version	3.		
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The	 first	 version	had	1	module,	 the	 second	version	had	2	modules,	 and	
the	third	version	had	3	modules	(see	Table	3-2):	
- Version	 1:	 The	 liver	 and	 the	 lungs	 (module	 1)	were	 implemented,	
mainly	 focusing	 on	 the	 different	 haptic	 feedbacks	 from	 these	
organs.		
- Version	2:	Module	1,	plus	module	2	added	with	the	heart	chambers	
(left	 atrium,	 left	 ventricle,	 right	 atrium,	 right	 ventricle),	 and	 17	
labelled	blood	vessels,	i.e.	23	labelled	structures	in	total.			
- Version	3:	Module	1,	module	2	with	four	additional	labels	for	blood	
vessels	(venae	cavae	replaced	with	separate	labels	for	superior	vena	
cava	and	inferior	vena	cava),	and	module	3,	a	quiz	with	10	questions	
requiring	 identification	 of	 named	 structures	 from	 module	 2.	 An	
additional	 function	 of	 a	 floating	 sub-menu	 to	 move	 to	 another	
module	was	added	in	this	version.	
	
Table	3-2	Label	of	organ	parts	
Version	1		
(2	labelled	
structures)	
Version	2	
(23	labelled	structures)	
Version	3	
(27	labelled	structures)	
Module	1	 Module	1	 Module	1	
Lungs	 Lungs	 Lungs	
Liver	 Liver	 Liver	
	 Module	2	 Module	2	
	 Left	atrium	 Left	atrium	
	 Right	atrium	 Right	atrium	
	 Left	ventricle	 Left	ventricle	
	 Right	ventricle	 Right	ventricle	
	 Arch	of	aorta	 Arch	of	aorta	
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Version	1		
(2	labelled	
structures)	
Version	2	
(23	labelled	structures)	
Version	3	
(27	labelled	structures)	
	 Aorta	 Ascending	Aorta	
	 	 Descending	Aorta	
	 Brachiocephalic	trunk	 Brachiocephalic	trunk	
	 Right	subclavian	artery	 Right	subclavian	artery	
	 Right	common	carotid	
artery	
Right	common	carotid	artery	
	 Left	common	carotid	
artery	
Left	common	carotid	artery	
	 Left	subclavian	artery	 Left	subclavian	artery	
	 Left	subclavian	vein	 Left	subclavian	vein	
	 Left	internal	jugular	vein	 Left	internal	jugular	vein	
	 	 Left	brachiocephalic	vein	
	 Right	subclavian	vein	 Right	subclavian	vein	
	 Right	internal	jugular	
vein	
Right	internal	jugular	vein	
	 	 Right	brachiocephalic	vein	
	 Venae	cavae	 Superior	vena	cava	
	 	 Inferior	vena	cava	
	 Pulmonary	trunk	 Pulmonary	trunk	
	 Right	pulmonary	arteries	 Right	pulmonary	arteries	
	 Left	pulmonary	arteries	 Left	pulmonary	arteries	
	 Right	pulmonary	veins	 Right	pulmonary	veins	
	 Left	pulmonary	veins	 Left	pulmonary	veins	
	 	 Module	3	
	 	 A	quiz:	A	randomly	
generated	list	of	10	
structures	to	identify	from	
module	2		
	
An	additional	function	of	a	
floating	sub	menu	to	move	
to	another	module	was	
added	in	this	version.	
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Figure	3-2	System	V1.	Deforming	of	the	lungs	with	haptic	feedback	
	
	
Chapter	3	
																																																																																																																																																											
	 67	
Figure	3-3	System	V2.		Example	of	labels	of	chambers	of	the	heart	and	blood	
vessels	
	
	
Figure	3-4	System	V3.	Example	of	floating	menu	option	with	some	labels	
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Figure	3-5	System	V3.	Example	of	a	quiz	question		
	
	
	
Different	 environmental	 settings	 for	 the	 user	 tests	 were	 used	 as	 the	
project	advanced.	The	LAHFS	system	was	set	up	in	a	tutorial	room	in	the	
Medical	 Sciences	Precinct	 (Figure	3-6)	 and	 in	 an	office	 in	 the	Centenary	
Building	 for	 the	 first	 user	 test	 where	 participants	 from	 the	 medical	
student	 and	 computing	 student	 populations,	 used	 the	 system.	
Participants	were	invited	to	participate	via	email	(medical	students)	or	in	
person	 (computing	 students)(Yeom,	 2011).	 Basic	 features	 of	 a	 haptic	
device	 were	 implemented	 all	 throughout	 the	 three	 versions	 such	 as	
selecting,	 grabbing,	 and	 moving	 the	 selected	 organ,	 and	 poking	 or	
touching	the	organ	to	experience	the	feel	of	the	selected	part.	Zooming	in	
and	out	was	a	rather	intuitive	function	provided	by	grabbing	an	organ	to	
draw	it	closer	or	further	using	the	stylus’s	z-motion.			
Chapter	3	
																																																																																																																																																											
	 69	
	
Figure	3-6	User	Test	1	(a)	a	user	test	of	system	V1	(b)	filling	out	the	survey	
	(a)
	(b)	
	
The	 second	version	 included	a	 second	module	with	 the	heart	 chambers	
and	 blood	 vessels,	 including	 23	 named	 structures	 (Table	 3-2).	 One	 of	
buttons	was	enabled	for	selecting	an	object	to	move	and/or	rotate	it,	and	
the	 other	 for	 displaying	 the	 name	 of	 the	 organ.	Haptic	 features	 such	 as	
structures’	elasticity	and	rigidity,	vibration	feedback	when	moved	organs	
touch	 each	 other,	 moving	 and	 rotating	 objects	 through	 360	 degrees	 to	
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view	 from	 any	 angle,	 zooming	 in	 and	 out,	 and	 friction	 responses	 were	
added	on	top	of	the	first	version.	
	
The	 third	 version,	 in	 addition	 to	 the	 two	 learning	 modules	 described	
above,	 introduced	a	 randomly	 generated	 set	of	quiz	questions	 from	 the	
structures	of	module	2	(Table	3-2).		Each	question	had	a	maximum	of	two	
attempts	 to	 answer.	 If	 the	 first	 try	 was	 successful	 then	 the	 system	
proceeded	to	the	next	question.	Otherwise,	the	user	had	another	chance	
to	pick	an	organ	or	to	pass	the	question	and	proceed,	or	move	to	another	
module	via	the	floating	sub-menu.	
	
For	 the	 user	 tests	 of	 the	 second	 and	 the	 third	 versions,	 students	 were	
invited	 via	 email	 and	 an	 announcement	 on	 the	 learning	 management	
system	and	a	reminder	at	the	beginning	of	the	class	to	participate	in	the	
research	project	by	testing	the	haptic	device	during	the	anatomy	practical	
(Figure	3-7).			For	medical	students	in	user	tests	2	and	3,	the	LAHFS	system	
was	 set	 up	 at	 one	of	 five	 stations	 (laboratory	 benches	with	 a	 variety	 of	
learning	 resources)	 during	 the	 “integrated	 practical”	 anatomy	 learning	
session.	 	 The	 students	 rotated	 through	 the	 five	 stations,	 examining	 the	
resources	 provided	 while	 answering	 questions	 on	 a	 worksheet.	 	 The	
LAHFS	 system	 was	 set	 up	 at	 the	 station	 on	 the	 cardiovascular	 system;	
thus,	the	LAHFS	system,	which	included	the	heart	and	major	blood	vessels	
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amongst	 other	 organs,	 was	 related	 to	 the	 learning	 objectives	 of	 the	
station	and	the	overall	practical.				
	
Figure	3-7	User	Test	2	and	3	
	
Another	photo	of	the	Lab	(source:		http://www.utas.edu.au/health)	
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In	 user	 test	 3,	 another	 user	 test	 session	 with	 health	 sciences	 and	
education	 students	 enrolled	 in	 CXA273	 was	 accomplished.	 A	 separate	
station	 was	 set	 up	 for	 the	 LAHFS	 system	 during	 an	 anatomy	 practical	
learning	 session	on	 the	urinary	 system.	The	organ	 systems	of	 LAHFS	did	
not	correspond	to	the	topic	of	the	practical;	however,	previous	practicals	
in	 the	 semester	 related	 to	 the	 organ	 systems	 included	 in	 LAHFS	
(respiratory,	digestive,	and	cardiovascular).			This	lab	session	had	about	15	
minutes	of	a	formal	setting	of	lecture	time	with	video	watching	followed	
by	a	short	discussion	time	which	was	different	to	the	MBBS	lab	sessions.	
	
	
3.3.4 System	Development		
	
3.3.4.1 Software	Development	Environment	
The	 system	 was	 developed	 with	 Visual	 Studio	 2010	 in	 C++	 with	 the	
OpenHaptic	API,	which	was	open	source.	The	core	OpenHaptics	toolkit	is	
C	based;	some	of	the	utility	 libraries	use	C++.	3D	 images	of	organs	were	
received	from	HITLab	NZ	in	2011	from	a	postgraduate	student	project.		A	
Phantom	Omni	robotic	tool	provided	haptic	feedback	with	six	degrees	of	
freedom	and	utilised	 the	OpenHaptics	 Toolkit	 (Itkowitz,	Handley,	&	Zhu,	
2005)	to	interact	with	the	anatomical	visualisation	data	(Yeom	2011).	
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The	 QuickHaptics™	 micro	 API	 is	 implemented	 in	 the	 C++	 programming	
language	and	makes	use	of	the	Standard	Template	Library.			
	
The	OpenHaptics	toolkit	includes	the	following:	
• The	Phantom	Device	Drivers	(PDD),		
• The	 QuickHaptics	 micro	 API	 (Figure	 3-8)	 is	 the	 main	 API	 of	
OpenHaptics.		
• The	 Haptic	 Device	 API	 (HDAPI)	 that	 works	 for	 initialization	 of	 the	
Phantom	Omni	device	 and	updating	 the	 state	of	 it	 as	 it	moves	 (get	
state,	set	state,	synchronize	state)	
• The	 Haptic	 Library	 API	 (HLAPI)	 regarding	 the	 stiffness	 and	 friction,	
shape	 rendering,	 effect	 rendering,	 that	 means	 generating	 haptic	
feedback,	utilities,	and	source	code	examples.	
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Figure	3-8	Implementing	environment	of	LAHFS	(modifed	from	the	user	
manual)	
	
	
3.3.4.2 Implementation	of	LAHFS	
Based	on	QuickHaptics	with	OpenGL,	all	the	methods	and	their	properties	
were	used	to	implement	LAHFS	except	greyed	out	properties	(Figure	3-9),	
i.e.	 Spin/Orbit,	 OBJ,	 STL/PLY,	 TriMesh	 for	 cursor.	 Out	 of	 two	 options	 of	
QHWin32	 and	 QHGLUT	 classes,	 the	 LAHFS	 system	 used	 QHGLUT	 to	
support	Mac	OS	 as	well	 as	Windows,	QHGLUT	 is	OS	 independent	while	
QHWin32	 API	 only	 works	 with	Microsoft	Windows.	 However	 there	 is	 a	
limitation	of	QHGLUT	that	it	does	not	support	multiple	sub	windows.	
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Figure	3-9	Implemented	classes	and	properties	for	LAHFS	(modified	from	the	user	manual)	
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3.3.4.3 System	Hardware	and	Device	
The	development	environment	was	upgraded	throughout	progress	of	the	
project.	The	computer	 system	used	 in	user	 test	1	was	an	 Intel	®	Core	™	
Duo	CPU	@	2GHz,	RAM	2GB.	An	upgraded	system	was	used	in	user	tests	2	
and	 3,	 which	 provided	 more	 sensitive	 feedback	 to	 the	 user.	 Its	
specification	was	Intel®	Core	™	i7-2600	CPU	@	3.4GHz,	RAM	16GB.		
	
The	 version	 of	 Phantom	 Omni	 that	 was	 used	 for	 the	 LAHFS	 system	
supports	30	Hz	of	refresh	rate	for	the	frame	and	1000	Hz	haptics	updates		
(OpenHaptics®	 Toolkit	 version	 3.0)	 which	 met	 the	 required	 level	
suggested	by	Coles	and	colleagues	(Coles,	Meglan,	&	John,	2011).	
	
IEEE	 1394	 FireWire	 card	 was	 installed	 into	 a	 PC,	 interfacing	 the	 haptic	
feedback	 device	 (Phantom	 Omni)	 with	 the	 PC.	 Phantom	 Device	 Drivers	
(PDD)	 was	 used	 to	 control	 the	 communication	 of	 the	 device	 with	 the	
computer.	
	
The	 interface	 domain	 in	 this	 study	 comprises	 3D	 modelling	 and	 3D	
interface	space	with	the	Phantom	Omni	haptic	device	(Figure	3-10),	which	
provides	six	degrees	of	freedom:	three	for	position	(x,	y,	z)	and	one	each	
for	 pitch,	 yaw	 and	 roll	 (rotation	 in	 the	 forward	 vertical,	 horizontal	 and	
transverse	planes).	 Force	 feedback	gives	different	amounts	of	 resistance	
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to	an	 input	depending	on	the	state	of	 the	virtual	operation	 (Yeom	et	al.	
2013).	
	
There	 are	 some	 specifications	 that	 LAHFS	 used	 such	 as	 force	 feedback	
workspace	is	>	160W	x	120H	x	70d	mm,	hand	movement	pivoting	at	wrist,	
backdriven	 friction	 <	 0.26	 N,	 maximum	 exertable	 force	 at	 nominal	
orthogonal	arms	position	is	3.3	N,	continuous	exertable	force	is	>	0.88N,	
stiffness	of	X	axis	>	1.26	N/mm,	Y	axis	>	2.31	N/mm,	Z	axis	>	1.02	N/mm,	
inertia	(apparent	mass	at	tip)	is	about	45g.	Position	sensing	is	x,y,z	(digital	
encoders)	 and	 stylus	 gimbal	 is	 pitch,	 roll,	 yaw	 (+	 5%	 linearity	
potentiometers).	
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Figure	3-10	Phantom	Omni	Haptics	device	(Yeom,	2011)	
	
	
	
	
3.3.5 Questionnaire	Design	in	the	Technology	Acceptance	
Model	
	
The	 questionnaire	 was	 designed	 based	 on	 the	 Technology	 Acceptance	
Model	(TAM).	TAM	was	introduced	by	Davis	(1986)	based	on	the	theory	of	
reasoned	 action	 and	 the	 theory	 of	 planned	 behaviour	 in	 psychology.	 It	
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then	evolved	to	a	model	in	understanding	predictors	of	human	behaviour	
toward	acceptance	or	rejection	of	the	technology	(Marangunić	&	Granić,	
2015).		
	
According	to	TAM,	Behavioural	Intention	to	Use	(BI)	determines	computer	
usage.	BI	 is	 jointly	determined	by	the	person’s	Attitude	toward	using	the	
system	(A)	and	perceived	Usefulness	(U)	(F.	D.	Davis,	Bagozzi,	&	Warshaw,	
1989).	 TAM	 treats	 Usefulness	 (U)	 and	 Ease	 Of	 Use	 (EOU)	 as	 two	
fundamental	 and	 distinct	 constructs	 (F.	 D.	 Davis	 et	 al.,	 1989;	 Shroff,	
Deneen,	 &	 Ng,	 2011).	 Reliability	 differences	 were	 also	 found	 for	 other	
study	 characteristics,	 including	 reliability	 type,	 subject	 experience,	 and	
gender	composition	(Hess,	McNab,	&	Basoglu,	2014).	
	
Two	 different	 questionnaire	 formats,	 VAS	 and	 Likert,	 were	 considered	
based	on	the	element	of	TAM.	A	visual	analogue	scale	(VAS)	was	originally	
developed	by	Freyd	in	1923	and	used	in	a	survey	to	measure	the	level	of	
agreement	 to	 a	 statement	between	0	 and	100.	 Knapp	 (2013)	 compared	
VAS	 and	 Likert,	 highlighting	 their	 strong	 and	 weak	 points.	 32%	 of	
respondents	said	that	the	visual	analogue	format	was	the	easiest	and	22%	
of	respondents	liked	it	as	the	second	best	format.	
The	discussion	whether	in	some	questions	a	VAS	or	a	Likert	scale	should	
be	 used	 was	 tackled	 in	 1987	 by	 Guyatt	 et	 al.,	 showing	 a	 greater	
improvement	in	the	VAS	and	a	greater	variability	in	the	improvement	on	
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VAS	compared	to	the	Likert	scale.	The	goals	of	 the	study	were	to	assess	
the	 validity	 and	 reliability	 of	 the	 subjects’	 satisfaction	 VAS	 score	 and	
suggested	 that	 a	 VAS	 system	 is	 perhaps	 more	 suitable	 for	 satisfaction	
measurement.	
	
One	 of	 the	 groups	 who	 had	 improvement	 in	 their	 heart	 symptoms	
showed	different	results	from	five-point,	seven-point	Likert	or	VAS	scale	in	
the	 comparative	 study	 (Pang	 et	 al.,	 2014),.	 Thus	 the	 researchers	
concluded	 that	 using	 one	 scale	 to	 capture	 the	 entirety	 of	 the	 symptom	
might	be	 insufficient.	 	Also	Guyatt	 and	his	 colleagues	did	a	 comparative	
study	and	they	showed	a	greater	 improvement	 in	the	VAS	and	a	greater	
variability	 in	 the	 improvement	 on	 VAS	 compared	 to	 the	 Likert	 scale	
(Guyatt,	 Townsend,	 Berman,	 &	 Keller,	 1987).	 Although	 the	 seven-point	
Likert	was	recommended,	they	believe	that	the	responsiveness	does	not	
differ	in	the	form	of	seven-point	Likert	or	VAS.			
	
Various	 studies	 have	 concluded	 that	 VAS	 has	 sufficient	 evidence	 for	 its	
validity	 and	 reliability	 (Brokelman	 et	 al.,	 2012;	 Davey,	 Barratt,	 Butow,	&	
Deeks,	 2007;	 Pang	 et	 al.,	 2014).	 Brokelman	 and	 his	 colleagues	 (2012)	
suggested	that	VAS	is	more	suitable	for	satisfaction	measurement.	VAS	is	
a	 simple	 and	 frequently	 used	 method	 to	 measure	 satisfaction	 or	 pain,	
both	of	which	are	hard	to	measure.	
	
Chapter	3	
																																																																																																																																																											
	 81	
3.3.6 	Questionnaire	Design	for	LAHFS	
	
Three	different	versions	of	the	questionnaire	were	used	in	user	tests	1,	2	
and	3,	with	minor	modifications	in	the	wording	and	additional	questions	
as	the	research	project	progressed.	
	
The	questionnaire	 included	demographic	questions	on	age,	gender,	prior	
experience	 with	 haptic	 devices	 and	 3D	 computer	 interfaces,	 as	 well	 as	
visual	 analogue	 scale	 (VAS)	 questions	 (scale	 0	 to	 100,	 see	 example	 in	
Figure	 3-8)	 on	 their	 experiences	 with	 the	 LAHFS	 system.	 The	 questions	
included:	
• Were	you	performing	well	with	the	system?			
• Was	the	system	useful?		
• Was	it	easy	to	use	the	system?		
• Did	you	get	mentally	stressed	using	the	system?	
• Did	you	get	physically	stressed	using	the	system?	
	
	
Figure	3-8	Example	of	VAS	question	on	questionnaire	_________________________________________________________________________________	1.	Were	you	performing	well	with	the	system?		Very	poor			 	 	 	 	 																																										Very	well			0																							 	 	 														50																																																												100		 	 	 	 	 	 	 	 	 	_________________________________________________________________________________	
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An	 additional	 VAS	 question	 relating	 to	 future	 use	 or	 recommendations	
was	added	in	the	system	v2	and	v3	user	tests:		
• Would	you	use	this	system	as	an	aid	of	learning	when	it	is	fully	
developed?		(Version	2)	
• Would	 you	 recommend	 the	 university	 use	 a	 system	 based	 on	
this	one?	(Version	3)	
	
A	VAS	question	relating	to	the	quiz	was	added	in	the	system	v3	user	test:		
• Was	the	quiz	useful	as	a	check	on	understanding?	
(Refer	to	Appendix	2	for	comparisons	of	questionnaires)	
	
The	 users	were	 invited	 to	 add	 any	 open-ended	 comments	 in	 system	 v1	
and	 v2.	 The	 questionnaire	 used	 with	 system	 v3	 was	 expanded	 with	
specific	open-response	questions:		
• What	were	the	best	aspects	of	the	system?	
• What	 aspects	 of	 the	 system	 were	 most	 in	 need	 of	
improvement?		
• What	suggestions	do	you	have	for	improvement?		
• What	other	features	would	you	like	to	see	in	the	system	to	aid	
your	learning?	
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Questionnaire	(user	test	3)	
 
1. Were you performing well with the system? 
2. Was the system useful for exploring the anatomical region? 
3. Was it easy to use the system to explore the anatomical region? 
4. Did you get mentally stressed while using the system? 
5. Did you get physically stressed while using the system? 
6. Would you recommend the University use a system based on this one? 
7. Was the quiz useful as a check on understanding?  
 
 
Open questions: 
 
8. What were the best aspects of the system?    
9. What aspects of the system were most in need of improvements?  What suggestions 
do you have for improvement? 
10. What other features would you like to see in the system to aid your learning? 
 
Rank the following learning sessions or learning resources 1 (most useful) to 8 (least 
useful).  In the case of the tactile (haptic) interface system you just trialled, consider its 
potential usefulness to you in relation to other resources you currently use.  If you did 
not use one or more of the resources, write N/U (not used). 
____ Lectures / tutorials / practicals (in-class learning)  
____ Lecture / tutorial / practical notes  
____ Anatomy software (please specify ______________________________) 
____ Anatomy websites (please specify ____________________________ ) 
____ Anatomy textbooks (including eBooks)  
____ Anatomy atlases  
____ A tactile (haptic) interface system such as the one you just trialled 
____ Other resources (please specify ________________________________) 
    
	
In	system	v3	user	tests,	participants	were	also	asked	to	rank	a	variety	of	
anatomy	learning	sessions	or	resources	including	the	LAHFS	system	from	
1	 (most	 useful)	 to	 8	 (least	 useful),	 and	 complete	 Neil	 Fleming’s	 VARK	
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questionnaire	 version	 7.2	 (Fleming,	 1995)	 to	 determine	 their	 VARK	
Learning	 Style	 preferences	 for	 the	 categories	 Visual	 (V),	 Aural	 (A),	
Read/write	(R),	or	Kinaesthetic	(K).	The	VARK	questionnaire	was	accessed	
from	 the	 site	 (http://vark-learn.com/the-vark-questionnaire/)	 with	
permission	 granted	 via	 an	 email	 on	 18	 June	 2015	 from	 Neil	 Fleming	
(Fleming,	2015;	VARK	Learn	Limited,	2016)	
	
It	consisted	of	16	questions	with	4	multiple	choices	for	each.	The	modality	
which	 received	 highest	 scores	 was	 the	 preferred	 sensory	 modality.	 As	
multiple	selections	are	permitted,	multiple	modalities	can	be	obtained.	
	
3.4 USER	FEEDBACK	
	
3.4.1 Description	of	User	Tests	
	
3.4.1.1 User	Test	1	
• The	participant	was	given	 the	participant	 information	sheet	 to	 read	and	
sign,	and	asked	if	s/he	had	any	questions.	
• After	 a	 brief	 explanation/demonstration	 of	 the	 system,	 the	 participant	
was	invited	to	try	the	system	(lungs	&	liver).		
• The	 participant	 was	 given	 the	 UT1	 questionnaire	 to	 complete	 (see	
Appendix	2)	
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3.4.1.2 User	Test	2	
• The	participant	was	given	 the	participant	 information	sheet	 to	 read	and	
sign,	and	asked	if	s/he	had	any	questions.	
• After	 a	 brief	 explanation/demonstration	 of	 the	 system,	 the	 participant	
was	invited	to	try	the	system.	
• The	 participant	 was	 given	 the	 UT2	 questionnaire	 to	 complete	 (see	
Appendix	2)	
	
3.4.1.3 User	Test	3	
• The	participant	was	given	 the	participant	 information	sheet	 to	 read	and	
sign,	and	asked	if	s/he	had	any	questions.	
• After	 a	 brief	 explanation/demonstration	 of	 the	 system,	 the	 participant	
was	 invited	 to	 try	 the	 system	 (lungs	 &	 liver,	 followed	 by	 heart	 and	
vessels).	 	The	participant	was	 informed	that	 there	would	be	a	 formative	
quiz	on	identifying	structures	after	exploring	and	using	the	system	for	as	
long	as	the	participant	wished.		
• The	participant	was	then	asked	to	complete	a	quiz	with	10	identification	
questions	 randomly	 chosen	 from	 the	 labelled	 structure	 list.	 	 The	
participant	was	given	up	to	two	chances	to	answer	each	question,	and	the	
researcher	recorded	whether	the	response	was	correct	or	incorrect.	Also	
the	monitor	image	was	recorded	for	further	analysis.	
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• The	 participant	 was	 given	 the	 UT3	 questionnaire,	 which	 included	 the	
VARK	questionnaire,	to	complete	(see	Appendix	2)	
	
3.5 DATA	ANALYSIS		
	
This	study	adopted	a	mixed-methodology	approach	to	collect	and	analyse	
the	data	collected	through	the	questionnaires.		
	
3.5.1 Quantitative	Data	Analysis	
	
3.5.1.1 Graphical	presentation	of	data	and	statistical	analysis	
IBM	 SPSS	 Statistics	 Version	 22	 and	Microsoft	 Excel	 for	 Mac	 2011	 were	
used	for	quantitative	analysis.		
	
Bar	 graphs	 show	mean	 and	 standard	 deviations	 (Figure	 4-1).	 	 Boxplots	
follow	 the	 usual	 convention	 of	 the	 horizontal	 line	 within	 the	 box	
indicating	the	median	(50th	percentile),	and	the	upper	and	lower	ends	of	
the	 box	 indicating	 the	 75th	 and	 25th	 percentiles,	 respectively	 (the	
interquartile	range,	IQR).		The	whiskers	extend	to	the	highest	and	lowest	
scores	that	are	not	outliers,	with	outliers	defined	as	being	more	than	1.5	
times	the	IQR	above	the	75th	percentile	or	below	the	25th	percentile,	and	
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shown	as	‘o’.		Extreme	outliers	more	than	3	times	the	IQR	above	or	below	
the	IQR	are	shown	as	‘*’.			
	
T-tests	or	Mann-Whitney	U	tests	were	used	to	compare	two	samples,	e.g.,	
between	 two	versions,	 two	 courses	of	 study	within	one	user	 test,	 or	by	
gender.		One-way	Analysis	of	Variance	(ANOVA)	or	Kruskal-Wallis	one-way	
ANOVA	were	used	to	compare	three	or	more	samples,	e.g.,	across	three	
versions,	 participants’	 course	 of	 study,	 or	 prior	 experience	 with	 3D	
systems.		For	post-hoc	comparisons	following	ANOVA,	Gabriel’s	post-hocs	
were	 used	 for	 unequal	 group	 sizes,	 Games-Howell	 if	 the	 equal	 variance	
assumption	was	violated,	or	Mann-Whitney	U	after	Kruskal-Wallis	ANOVA.			
	
Parametric	 statistical	 tests	were	used	 if	 skewness,	kurtosis,	and	Shapiro-
Wilk	tests	of	normality	were	all	p>0.05.		If	there	was	only	mild	departure	
from	normality	in	one	group,	with	one	or	more	tests	0.025<p<0.05,	both	
parametric	 and	 non-parametric	 results	 are	 reported.	 	 Non-parametric	
tests	 were	 used	 if	 one	 or	 more	 normality	 tests	 were	 p<0.05	 in	 two	 or	
more	groups,	or	if	one	group	had	one	or	more	test	p<0.025.			
3.5.2 Qualitative	Data	Analysis	-	Thematic	Analysis	
	
For	the	qualitative	data	analysis,	Thematic	Analysis	was	used	to	focus	on	
identifying	 patterned	 meanings	 across	 a	 collected	 qualitative	 data	 set	
(Braun	&	Clarke,	2006).		
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To	 identify	 themes	 in	 this	 open	 question	 data,	 two	 researchers	
independently	 examined	 the	 texts.	 	 Common	 ideas	 were	 tabulated	
according	to	their	 frequency	of	occurrence.	This	produced	a	table	(Table	
4-8)	in	ranked	order.	
	
3.6 ETHICS	APPROVAL		
	
Due	to	the	 involvement	of	human	subjects	 in	 the	user	 tests,	 the	project	
required	approval	from	the	Human	Research	Ethics	Committee	(Tasmania)	
Network	(HREC).		
An	 application	 was	 submitted	 on	 4	 April	 2011,	 and	 was	 approved	 on							
16	May	2011	as	H00011743	(Appendix	1:	Ethics	approval).		
	
As	 the	 project	 advanced,	 an	 amendment	 was	 submitted	 in	 April	 2013	
including	changes	to	the	title	from	“User	acceptance	for	learning	anatomy	
with	augmented	reality	in	3D”	to	“User	acceptance	for	learning	anatomy	
with	 a	 tactile	 (haptic)”,	 along	 with	 revisions	 to	 the	 information	 sheet,	
consent	 form,	and	questionnaire,	approved	on	29	April	2013.	 (Appendix	
1:	Ethics	approval	–	Project	title	changed).	
	
The	final	report	was	submitted	to	the	HREC	on	8	December	2014.	
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4 CHAPTER	4	DATA	ANALYSIS	
4.1 RESULT	OF	INITIAL	SURVEY	
	
eneral	consensus	was	found	from	the	initial	survey.	This	data	was	
an	encouragement	for	developing	this	system.			The	meeting	with	
the	 lecturer	 and	 the	 collected	 initial	 survey	 identified	 the	 same	 type	 of	
difficulties.	
Results	of	the	initial	survey	are	as	follows:	
	
The	most	difficult	aspect	of	learning	anatomy:	- Visualization	 of	 what	 they	 have	 learned	 in	 lectures,	 2D	
materials	are	not	easy	to	reconstruct	in	3D	world	- Visualizing	and	applying	anatomy	practically	 in	the	clinical	
environment	- Anatomical	 relationships:	 separate	 organs	 may	 be	
understood	 but	 understanding	 their	 relationships	 to	
surrounding	structures	is	challenging	
G	
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- Dissection	 of	 cadaver	 is	 complicated	 and	 confusing,	 with	
only	limited	time	access		
	
Students’	preferences	for	additional	anatomy	learning	resources:	- 3D	versions	of	images	from	textbooks	or	atlases	- Interactive	software	in	3D,	with	zooming	and	rotation		
	
Current	practices	based	on	survey:	
-	 Main	resources	of	learning	anatomy	are	textbooks,	images	
from	textbooks,	radiological	images	(radiographs,	CT,	MRI),	
and	 computer	 based	 images,	 integrated	 practical	 sessions	
(self-directed	worksheets	are	used	with	anatomical	models	
that	 can	 be	 dissembled	 &	 reassembled),	 and	 cadaver	
dissection	
	
-	 The	 anatomy	 program	 in	 the	medical	 students’	 course	 at	
the	 University	 of	 Tasmania	 has	 been	 described	 in	 detail	
elsewhere	(Choi-Lundberg	et	al.,	2015)		
	
According	 to	 the	 content	 of	 a	 lab	 session	 for	 year	 1	 medical	
students,	 the	 thorax	 and	 the	 liver	 (in	 the	 abdomen)	 were	
selected.	
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With	 the	 feedback	 from	 the	 students,	 we	 confirmed	 the	
feasibility	 of	 implementing	 the	 system,	 beginning	 with	 a	
prototype.			If	planned	with	a	haptic/kinaesthetic	option,	it	could	
be	an	add-on	to	the	existing	resources	as	one	of	the	natural	ways	
of	learning	anatomy.		
	
4.2 STUDENT	RATINGS	OF	LAHFS:	VAS	(QUANTITATIVE)	
QUESTIONS	
	
Participant	 ratings	 of	 their	 experiences	 with	 LAHFS	 on	 the	 five	 visual	
analogue	 scale	 (VAS)	 questions,	 compared	 across	User	 Tests	 1,	 2,	 and	 3	
are	summarized	in	Figure	3-1.		
		
Figure	4-1	Comparison	of	VAS	question	across	the	system	V1,	2	and	3	
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4.2.1 ‘Performed	Well’	
	
Across	all	 three	user	 tests,	 the	 rating	of	 ‘were	you	performing	well	with	
the	system’	was	60	±	24	(66)	(mean	±	standard	deviation	(median))	on	the	
0-100	point	VAS,	with	0	=	very	poor	to	100	=	very	well.		There	was	a	non-
significant	decrease	in	this	rating	from	71	±	19	(71)	to	63	±	22	(62)	to	55	±	
25	 (62)	 from	 Systems	 version	 1	 to	 version	 2	 to	 version	 3	 respectively	
(Figure	4-2),	Kruskal-Wallis	one-way	between	groups	analysis	of	variance	
(ANOVA),	H=5.328,	df=2,	N=86,	p=0.07.			
	
The	Shapiro-Wilk	tests	for	normality	included	p=0.008	for	system	version	
3,	so	non-parametric	ANOVA	was	used.			
	
Figure	4-2	Performed	Well	with	the	System	
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4.2.2 ‘System	Useful’	
	
The	rating	of	 ‘was	the	system	(or	given	interface)	useful’	across	all	three	
user	tests	was	72	±	18	(76)	on	the	0-100	point	VAS	with	0	=	totally	useless	
to	100	=	very	useful.	There	was	a	decrease	in	the	rating	from	80	±	15	(85)	
for	version	1	to	69	±	17	(70)	for	version	2	and	a	small	increase	to	71	±	19	
(75)	 for	 version	 3	 (Figure	 4-3);	 these	 differences	 were	 not	 statistically	
different	by	Kruskal-Wallis	ANOVA	H=5.504,	df=2,	N=86,	p=0.064.			
	
The	 Shapiro-Wilk	 tests	 for	 normality	 included	 p=0.026	 and	 p=0.010	 for	
versions	1	and	3,	respectively,	so	non-parametric	ANOVA	was	used.	
	
Figure	4-3	System	Useful	
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4.2.3 	‘Easy	to	use’	
	
The	 rating	 of	 ‘was	 it	 easy	 to	 perform	 the	 given	 task	 with	 the	 given	
interface’	(user	tests	1	and	2)	or	‘was	it	easy	to	use	the	system	to	explore	
the	anatomical	region’	(user	test	3)	across	all	three	user	tests	was	57	±	22	
(60)	 on	 the	 0-100	 point	 VAS	with	 0	 =	 very	 difficult	 to	 100	 =	 very	 easy.		
There	was	 a	 statistically	 significant	 decrease	 in	 this	 rating	 from	72	 ±	 19	
(70)	to	58	±	20	(60)	to	51	±	21	(55)	from	Systems	version	1	to	version	2	to	
version	 3,	 respectively	 (Figure	 4-4),	 Kruskal-Wallis	 one-way	 ANOVA,	
H=12.583,	 df=2,	 N=87,	 p=0.002.	 	 Mean	 values	 for	 versions	 1,	 2,	 and	 3	
were	 61.7,	 44.3,	 and	 36.6	 respectively.	 	 Non-parametric	 post-hoc	
comparisons	 were	 significant	 for	 version	 1	 vs.	 2	 (p=0.026)	 and	 1	 vs.	 3	
(p<0.001),	but	not	2	vs.	3	(p=0.227).			
	
The	 Shapiro-Wilk	 tests	 for	 normality	 included	 p=0.006	 for	 version	 3,	 so	
non-parametric	ANOVA	was	used.	
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Figure	4-4	Easy	to	Use	the	System	
 
	
4.2.4 ‘Mentally/physically	stressed’	
	
Across	all	 three	user	 tests,	 the	 ratings	of	 	 ‘did	you	get	mentally	 stressed	
while	 using	 the	 system’	 and	 ‘did	 you	 get	 physically	 stressed	while	 using	
the	 system’	 were	 both	 generally	 low,	 28	 ±	 25	 (21)	 and	 22	 ±	 24	 (14)	
respectively,	 on	 the	 0-100	 point	 VAS,	 with	 0	 =	 not	 at	 all	 to	 100	 =	 very	
stressed.			
	
Ratings	 of	 ‘mentally	 stressed’	 non-significantly	 increased	 from	 system	
version	1,	22	±	30	(8),	to	system	version	2	and	3,	32	±	27	(30)	and	29	±	21	
(24)	 respectively	 (Figure	 4-5),	 Kruskal-Wallis	 one-way	 ANOVA,	 H=3.931,	
df=2,	N=87,	p=0.14.		Mean	values	for	versions	1,	2,	and	3	were	33.6,	47.4,	
and	46.3	respectively.	
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Shapiro-Wilk	 tests	 for	 normality	 yielded	p<0.001,	 p=0.010,	 and	p=0.007	
for	versions	1,	2,	and	3	respectively,	so	non-parametric	ANOVA	was	used.	
	
Figure	4-5	'Mentally	Stressed'	
 
	
Ratings	 of	 ‘physically	 stressed’	 non-significantly	 increased	 from	 system	
version	1	to	2	to	3,	21	±	29	(4),	16	±	18	(14),	and	26	±	25	(20)	respectively	
(Figure	 4-6),	 Kruskal-Wallis	 one-way	 ANOVA,	 H=3.837,	 df=2,	 N=87,	
p=0.147.	 	Mean	values	for	versions	1,	2,	and	3	were	37.7,	39.4,	and	49.2	
respectively. 
	
Shapiro-Wilk	tests	for	normality	yielded	p<0.001	for	all	three	versions,	so	
non-parametric	ANOVA	was	used.	
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Figure	4-6	'Physically	Stressed'	
 
	
4.2.5 Correlations	amongst	VAS	question	ratings		
	
Correlations	 (Pearson’s	r)	between	each	of	 the	above	five	VAS	questions	
were	performed	across	all	three	user	tests	(Table	4-1).		
	
Table	4-1	Correlations	(r)	between	VAS	questions.			
	
System	useful	
System	easy	
to	use	
Mentally	
stressful	
Physically	
stressful	
Performed	well		 0.473a	 0.596a	 -0.360a	 -0.291b	
System	useful	 	 0.541a	 -0.147	 -0.130	
System	easy	to	use	
	 	 -0.293b	 -0.208	
Mentally	stressful	
	 	 	 0.648a	
	
ap<0.001,	bp<0.01	
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‘Performed	 well’,	 ‘system	 useful’,	 and	 ‘system	 easy	 to	 use’	 strongly	
positively	 correlated	 with	 each	 other,	 as	 did	 ‘mentally	 stressful’	 with	
‘physically	 stressful’.	 	 In	 contrast,	 there	 were	 weak	 or	 non-significant	
negative	 correlations	 between	 the	 two	 ‘stressful’	 variables	 on	 the	 one	
hand	and	the	other	three	VAS	questions,	‘performed	well’,	‘system	easy	to	
use’,	and	‘system	useful’.	
	
4.2.6 	‘Would	use/recommend	the	system’	
	
To	 address	 predicted	 usage,	 two	 different	 but	 related	 questions	 were	
asked:	 ‘Would	 you	use	 this	 system	as	 an	 aid	 to	 learning	when	 it	 is	 fully	
developed?’	 in	version	2,	74	±	17	 (75),	on	 the	0-100	point	VAS	with	0	=	
not	at	all	and	100	=	very	likely;	and	‘Would	you	recommend	the	University	
use	a	system	based	on	this	one?’	in	version	3,	59	±	21	(63),	on	the	0-100	
point	VAS,	with	0	=	not	at	all	to	100	=	strongly	recommend.	
	
These	data	were	approximately	normally	distributed,	so	a	t-test	was	used	
to	 compare	 responses	 to	 these	 two	 questions,	 which	 was	 significant:	
t=2.876	(df=63),	p=0.005.	
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Figure	4-7	'would	use'	in	V2	and	'would	recommend'	in	V3	
 
	
4.2.6.1 Intention	to	use	the	system	
Users	of	version	2	indicated	that	they	were	likely	to	use	the	system	when	
fully	 developed,	 74	±	17	 (75);	 and	 users	 of	 version	 3	 that	 they	 would	
recommend	 that	 the	 university	 use	 a	 system	 based	 on	 the	 present	
version,	 59	±	21	 (63);	 neither	 question	 was	 included	 in	 user	 test	 1.		
Although	these	two	questions	are	different,	both	are	related	to	intention	
to	 use	 the	 system.	 	 Standard	 multiple	 regression	 of	 these	 questions	
against	 the	 5	 VAS	 questions	 above	 yielded	 an	 overall	 strong	 positive	
correlation,	r=0.652,	adjusted	r2=0.374,	F=8.296,	p<0.001.		Zero-order	and	
part-correlations	are	shown	in	Table	4-2,	with	‘system	useful’	significantly	
positively	correlated	with	‘would	use/recommend’.		
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Table	4-2	Standard	multiple	regression:	Would	recommend,	with	VAS5	and	
Quiz	useful	(UT3)	
Questions	
zero-order	
correlation	
Part	
correlation	 p	value	
Performed	well	with	system	 0.486	 0.139	 .206 
System	useful	 0.575	 0.016	 .881 
System	easy	to	use	 0.468	 0.195	 .078 
Mentally	stressful	 -0.054	 -0.053	 .627 
Physically	stressful	 0.032	 0.152	 .167 
Quiz	useful	 0.661	 0.342	 .003 
	
	
Table	4-3	Correlations	of	intention	to	use	the	system	with	other	VAS	questions	
Question	 Zero-order	
correlation	
Part	
correlation	
p	value	
Performed	well		 0.477	 0.174	 0.092	
System	useful	 0.569	 0.285	 0.007	
System	easy	to	use	 0.517	 0.181	 0.079	
Mentally	stressful	 -0.097	 0.056	 0.583	
Physically	stressful	 -0.036	 0.095	 0.353	
	
	
4.2.7 	‘Quiz	useful’	and	scores	on	quiz	
	
The	third	version	of	the	system	included	a	quiz,	and	the	question	‘was	the	
quiz	 useful	 as	 a	 check	 on	 understanding?’	 yielded	 a	 very	 positive	
response,	77	±	18	(80),	on	the	0-100	point	VAS,	with	0	=	not	at	all	to	100	=	
very	useful.	
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Participants	 generally	 did	well	 on	 the	quiz,	with	 average	 scores	of	7.1	±	
2.6	(8)	out	of	10.	
	
There	was	a	moderate	positive	correlation	between	participants’	score	on	
the	 quiz	 and	 their	 rating	 of	 its	 usefulness,	 Pearson’s	 r=0.443,	 r2=19.6%,	
n=43,	p=0.003.		
	
With	the	introduction	of	the	quiz	in	system	version	3,	it	was	possible	that	
participants’	 response	 to	 ‘were	 you	 performing	 well	 with	 the	 system?’	
may	have	been	influenced	by	their	performance	on	the	quiz	i.e.	perhaps	
participants	interpreted	the	question	as	relating	to	how	they	felt	they	did	
on	the	quiz,	in	addition	to	their	performance	with	LAHFS.		To	check	this,	a	
Pearson	 correlation	 coefficient	 was	 computed	 between	 the	 quiz	 result	
and	 “performed	 well	 with	 system”,	 which	 yielded	 a	 small	 positive	
correlation,	r=0.350,	r2=12.3%,	n=43,	p=0.021.	
	
Table	4-4	Correlations	(Pearson's	r)	between	VAS	questions	across	versions	
1,2,	and	3.		
	
Quiz	
useful	
Quiz	
result	
Weighted	
Quiz	result	
Would	use	or	
recommend		 0.661
a	 0.526a	 0.457b	
Quiz	useful	 	 0.443b	 0.401b	
Quiz	result	 	 	 0.977a	
		
a	p<0.001,	b	p<0.01	
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4.2.8 Summary	of	findings	on	VAS	questions	
	
As	the	system	developed	from	version	1,	with	only	two	organs	(lungs	and	
liver),	 to	 versions	2	 and	3,	with	 large	numbers	of	blood	vessels	 and	 the	
heart	chambers	labelled,	the	ease	of	using	this	system	decreased.	
	
The	 first	 three	 VAS	 questions	 (Perform	Well,	 System	Useful	 and	 Easy	 to	
Use)	showed	two	common	features:	
•	All	were	rated	highly	by	students,	with	means	in	the	range	50-80%.	
•	All	 showed	a	 rating	decline	 from	version	1	 to	version	3,	except	a	non-
significant	 very	 small	 increase	 between	 versions	 2	 and	 3	 for	 System	
Useful.	
	
The	 decline	 in	 Easy	 to	 Use	 and	 Perform	 Well	 from	 versions	 1	 to	 3	
correlated	with	 increasing	 system	 complexity,	 including	more	 structures	
present	and	labelled,	and	the	addition	of	a	quiz.			
Across	the	three	versions	of	LAHFS,	students’	ratings	on	these	three	VAS	
questions	 (Performed	 well,	 System	 useful,	 System	 easy	 to	 use)	 were	
strongly	positively	correlated	(Table	4-3).	
	
The	 last	 two	 common	 VAS	 questions	 (MentalStress	 and	 PhysicalStress)	
indicated	 that	 students	were	 generally	 not	 stressed	by	 the	 system,	with	
means	in	the	range	of	16-32%	across	the	three	versions.	
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The	 quiz	 in	 version	 3	 was	 rated	 highly	 on	 a	 VAS	 scale	 by	 the	 students	
(mean	77),	and	students	generally	did	well	on	the	quiz	(mean	7.1,	median	
8,	out	of	10).	
	
	
4.3 GENDER,	COURSE/UNIT	OF	STUDY,	AND	PRIOR	EXPERIENCE	
WITH	HAPTIC	OR	3D	INTERFACES	
	
Participants’	 ratings	 of	 their	 experiences	with	 LAHFS	were	 compared	 by	
gender,	 course	or	unit	of	 study,	and	prior	experiences	with	haptic	or	3D	
interfaces,	 to	 determine	 if	 any	 of	 these	 variables	 affected	 ratings	 of	
LAHFS.		
	
4.3.1 Gender	
	
Figure	4-8	summarises	responses	by	gender	to	the	5	VAS	questions	across	
UT1,	2	and	3,	‘would	you	use/recommend	the	system’	(only	asked	in	UT2	
and	3),	and	‘quiz	useful’	(only	in	UT3).		
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Figure	4-8	Gender	comparisons	
	
	
The	 only	 statistically	 significant	 difference	 between	 genders	 on	 the	 five	
VAS	questions	(performed	well,	system	useful,	easy	to	use,	mentally	and	
physically	 stressed)	 was	 ‘performed	 well’,	 with	 females	 rating	 their	
performance	lower	than	males,	52	±	26	(55)	vs	65	±	21	(70),	respectively,	
t-test	 p=0.017.	 	 Despite	 this,	 females	 more	 strongly	 recommended	 the	
system	to	university	 (UT3)	or	 indicated	they	were	more	 likely	 to	use	the	
system	(UT2)	than	males,	68	±	16	(70)	vs	61	±	24	(60),	t-test	p=0.037.	
	
Quiz	 scores	 (out	 of	 10)	 did	 not	 differ	 by	 gender,	males	 6.9	±	2.4	 (8)	 vs	
females	7.4	±	2.8	(8),	Mann-Whitney	U	p=0.389.	
	
	
01020
304050
607080
90100
MaleFemale
Chapter	4	
																																																																																																																																																											
	 105	
4.3.2 Course/unit	of	study	
	
Three	pair-wise	comparisons	were	of	particular	interest:	
Were	there	differences	between	students	in	two	different	courses	testing	
the	same	version	of	the	system?	
1. Within	version	1,	computing	students	vs	Year	2	or	3	medical	students.	
2. Within	 version	 3,	 Year	 1	 medical	 students	 vs	 allied	 health	 sciences	
and	education	students	enrolled	in	CXA273.	
3. Version	2	vs	version	3,	Year	1	medical	students.	
	
Figure	4-9	Responses	on	VAS	questions	from	five	different	cohorts	across	three	
system	versions.	
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4.3.2.1 	Computing	vs	Year	2/3	Medical	Students	with	system	version	1		
There	 were	 no	 significant	 differences	 between	 Computing	 (n=10)	 and	
medical	students	(n=8)	in	user	test	1	on	any	of	the	5	VAS	questions,	with	
p-values	ranging	from	0.131	to	0.573.	
	
4.3.2.2 Year	1	Medical	Students	vs	Health	sciences	and	Education	
students	enrolled	in	CXA273	with	system	version	3	
Statistically	 significant	 differences	 between	 Year	 1	 medical	 students	
(n=24)	 and	CXA273	 (n=20)	 students	on	 their	 ratings	of	 system	version	3	
were	 found	 for	 ‘System	 useful’	 and	 ‘Quiz	 useful’,	 with	 year	 1	 medical	
students	rating	usefulness	higher	than	CXA273	students	(Figure	4-10	and	
Figure	 4-11).	 	 In	 addition,	 year	 1	 medical	 students	 scored	 higher	 than	
CXA273	students	on	the	quiz	(Figure	4-12).	
	
• System	useful:	 MBBS1	76	±	20	(83),	CXA273	64	±	17	(70),										
Mann-Whitney	U	test,	p=	0.013.		
• Quiz	useful:	 MBBS1	83	±	15	(85),	CXA273	70	±	20	(75),							
Mann-Whitney	U	test,	p=0.012.	
• Quiz	result:	 MBBS1	7.8	±	2.3	(8),	CXA273	6.3	±	2.6	(6.5),				
Mann-Whitney	U	test,	p=0.031.	
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Figure	4-10	Rating	on	System	Useful	by	MBBS1	and	CXA273	in	system	V3	
 
	
Figure	4-11	Rating	on	'Quiz	useful'	by	MBBS1	and	CXA273	students	in	
system	V3	
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Figure	4-12	Quiz	results	by	MBBS1	and	CXA273	students	in	system	version	
3	
		
	
4.3.2.3 		Year	1	Medical	Students	with	system	versions	2	vs	3	 
Different	 cohorts	 of	 year	 1	 medical	 students	 tested	 system	 version	 2	
(n=25)	 and	 system	 version	 3	 (n=24).	 	 The	 only	 statistically	 significant	
difference	was	between	the	related	questions	‘would	you	use	the	system’	
(system	 version	 2),	 74	 ±	 17	 (75),	 and	 ‘would	 you	 recommend	 to	 the	
university’	(system	version	3),	63	±	20	(65),	t-test,	p=0.049.	
	
Some	 notable	 trends	 that	 did	 not	 reach	 statistical	 significance	 included	
the	following:	
• ‘System	useful’	increased	from	V2	to	V3,	69	±	17	(70)	and	76	±	20	
(83),	respectively,	Mann-Whitney	U	test,	p=0.056.	
• ‘Easy	 to	use’	decreased	 from	V2	 to	V3,	58	±	20	 (60)	 and	48	±	21	
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(50),	respectively,	t-test,	p=0.092.	
• ‘Physically	stressed’	increased	from	V2	to	V3,	16	±	18	(14)	and	27	±	
22	(25),	respectively,	Mann-Whitney	U	test,	p=0.057.	
	
In	 summary,	 there	 were	 no	 differences	 between	 the	 ratings	 of	 system	
version	 1	 by	 year	 2	 or	 3	medical	 students	 and	 computing	 students.	 	 In	
system	version	3,	year	1	medical	students	rated	the	system	and	quiz	more	
useful	 than	 allied	 health	 sciences	 and	 education	 students	 enrolled	 in	
CXA273.	 	Thus,	differences	between	system	versions	 reported	 in	 section	
4.2	 are	 probably	 not	 strongly	 influenced	 by	 which	 course	 students	 are	
enrolled	 in,	except	for	 ‘system	useful’,	where	the	trend	for	 improvement	
between	system	V2	to	V3	rated	by	year	1	medical	students	was	masked	by	
the	 lower	 ratings	 of	 health	 sciences	 and	 education	 students	 enrolled	 in	
CXA273.		
	
4.3.3 Previous	experience	with	haptic	or	3D	systems	
	
To	determine	 if	prior	experience	with	haptic	or	3D	 interfaces	 influenced	
participants’	ratings	of	the	LAHFS	system,	questions	were	included	on	the	
survey	 instruments.	 	Due	to	relatively	small	participant	numbers	 in	each	
user	test,	data	are	presented	for	all	three	user	tests	combined	for	the	VAS	
questions,	 except	 for	 those	 questions	 that	 were	 only	 included	 on	 later	
user	 tests:	 the	 ‘Would	 use	 /	 recommend	 the	 system’	 questions	 were	
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included	only	in	System	v2	and	v3,	and	the	‘quiz	useful’	question	was	only	
in	System	v3.		
	
4.3.3.1 Previous	experiences	with	Haptic		
Participants	 were	 asked	 if	 they	 had	 prior	 experiences	 with	 any	 form	 of	
haptic	device,	with	options	‘not	at	all’,	‘not	more	than	10	times’	and	‘more	
than	 10	 times’;	 the	 responses	 were	 n=74,	 11,	 and	 4	 respectively.	 For	
analysis,	 the	 responses	 were	 reduced	 to	 two	 categories	 of	 prior	
experience:	‘None’	(n=74)	and	‘More	than	once’	(n=15).	
	
	
Figure	4-13	Users'	ratings	of	the	system	with	different	prior	experience	levels	with	
Haptic	
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There	 were	 no	 significant	 differences	 in	 ratings	 on	 any	 of	 the	 VAS	
questions,	 nor	 did	 quiz	 results	 differ	 between	 participants	 with	 and	
without	prior	haptic	 experience	 (Figure	4-13).	 	An	 interesting	 trend	was	
that	 the	 system	was	 rated	 easier	 to	 use	 by	 those	with	 prior	 experience	
with	 haptic	 systems,	 65	 ±	 22	 (64),	 compared	 to	 those	 with	 no	 prior	
experience,	 55	 ±	 21	 (60),	 but	 this	 did	 not	 reach	 statistical	 significance,	
Mann-Whitney	U	test,	p=	0.138.	
 
4.3.3.2 Previous	experiences	with	3D	interfaces		
Similar	 numbers	 of	 participants	 had	 no,	 some,	 or	 considerable	 previous	
experience	with	3D	interfaces:	not	at	all	(n=26),	not	more	than	10	(n=35),	
and	more	than	10	(n=28),	enabling	comparisons	of	these	three	response	
categories	across	all	system	versions	combined	(Figure	4	–	14).	
	
Figure	4-14	Users'	assessment	on	the	system	with	different	experience	levels	with	3D	
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Although	there	were	trends	for	participants	with	greater	prior	experience	
with	3D	interfaces	to	rate	LAHFS	and	their	performance	with	it	higher,	but	
also	 their	 physical	 stress	 higher,	 only	 ‘easy	 to	 use’	 was	 statistically	
significant,	 by	 ANOVA,	 p=0.045,	 but	 Gabriel	 post-hoc	 pair-wise	
comparisons	indicated	no	differences	between	the	categories	of	none,	1-
10,	and	more	than	10	prior	experiences.			
	
‘Performed	well’,	‘system	useful’,	‘mentally	stressful’,	‘physically	stressful’,	
and	 ‘quiz	 useful’,	 all	 were	 not	 significantly	 different	 by	 Kruskal-Wallis	
ANOVA,	p=0.081,	 0.297,	 0.868,	 0.468,	 and	0.594,	 respectively.	 	 	 ‘Would	
use’	 (version	 2)	 or	 ‘would	 recommend	 to	 university’	 (version	 3)	 did	 not	
differ	by	ANOVA,	p=0.072.			
	
Version	 3	 included	 a	 formative	 quiz	 to	 provide	 participants	 the	
opportunity	 to	 rehearse	 their	 knowledge	 through	 identifying	anatomical	
structures.	Scores	on	the	quiz	(5.9	±	3.0	(6),	7.8	±	2.3	(8),	and	7.7	±	1.5	(8),	
for	 none,	 not	 more	 than	 10,	 and	 more	 than	 10	 prior	 experiences,	
respectively)	 were	 not	 significantly	 different	 by	 Kruskal-Wallis	 ANOVA,	
p=0.134.			
	
If	we	 look	 at	 the	 results	 by	 grouping	 them	 into	 two,	 experience	and	no	
experience,	as	for	the	haptic	question,	prior	experience	may	improve	user	
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acceptance,	 as	 well	 as	 performance	 on	 the	 quiz.	 	 The	 result	 was	 just	
significantly	 higher	 in	 those	with	 prior	 experiences	 than	 those	without,	
7.8±2.1	vs	5.9±3.0,	respectively,	p=0.050.				
	
The	usefulness	of	this	quiz	was	rated	highly	by	participants,	77	±	18	(80).		
Participants	generally	did	well	on	the	quiz,	71%	±	26	(80%).	 	There	were	
moderate	 positive	 correlations	 between	 quiz	 score	 with	 rating	 of	
usefulness	 of	 the	 quiz,	 r=0.443	 (p=0.003),	 and	 between	 quiz	 score	with	
rating	of	performance	with	the	system,	r=0.350	(p=0.021).	
	
	
4.4 	ANALYSIS	OF	LEARNING	STYLE	WITH	SYSTEM	V3		
	
In	 order	 to	 see	 if	 participants’	 learning	 styles,	 as	 assessed	 by	 the	 VARK	
questionnaire,	 have	 any	 influence	 on	 their	 ratings	 of	 the	 LAHFS	 system,	
system	 version	 3	 participants’	 responses	 were	 correlated	 to	 the	 VAS	
questions	 and	 their	 quiz	 results	 with	 their	 scores	 on	 the	 VARK	
questionnaire.	
	
The	percentage	of	visual	(V),	aural	(A),	read/write	(R),	and	kinaesthetic	(K)	
options	chosen	out	of	the	total	number	of	options	selected	was	used	due	
to	a	relatively	small	population	of	the	study.	The	percentage	of	different	
options	by	each	participant	were	V	23	%	±	10	(24%),	A	25%	±	12	(24%),	R	
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22%	 ±	 9	 (21%),	 and	 K	 29%	 ±	 13	 (28%),	with	 all	 approximately	 normally	
distributed	 amongst	 n=43	 system	 v3	 participants	 who	 completed	 the	
VARK	 questionnaire	 (Shapiro-Wilk	 tests	 of	 normality	 p=0.078	 to	 0.288).		
These	 percentages	 are	 similar	 to	 those	 reported	 on	 the	 VARK	 website,	
based	 on	 74,932	 respondents	 from	 January	 to	March	 2015:	 V	 21.7%,	 A	
24.6%,	R	24.9%,	and	K	28.8%;	as	well	as	for	those	in	medical	fields	(13,181	
respondents):	 V	 22.0%,	 A	 24.3%,	 R	 24.9%,	 and	 K	 28.8%	 (VARK	 Learn	
Limited,	2016).	
	
The	Pearson’s	correlations	(r)	of	percentage	V,	A,	R,	and	K	with	the	5	VAS	
questions	 are	 shown	 in	 Table	 4-5.	 None	 of	 these	 correlations	 were	
statistically	 significant.	 	 Interestingly,	 only	 ‘kinaesthetic’	 positively	
correlated	with	performed	well	(p=0.135)	and	easy	to	use	(p=0.418),	but	
also	with	mentally	stressed	(p=0.468)	and	physically	stressed	(p=0.339).	
	
Table	4-5		Correlations	(Pearson’s	r)	between	VARK	learning	style	percentages	and	
VAS	questions.			
	 Performed		
well	
System	
useful	
Easy	to	use	 Mentally	
stressed	
Physically	
stressed	
V	%	 -0.005	 0.131	 -0.021	 -0.098	 -0.041	
A	%	 -0.151	 -0.173	 -0.115	 -0.008	 -0.111	
R	%	 -0.123	 0.037	 -0.005	 -0.039	 -0.024	
K	%	 0.232	 0.027	 0.127	 0.114	 0.149	
	
Correlations	r>0.1	are	highlighted	in	green	and	r<-0.1	in	orange.	
	
Similarly,	 there	 were	 weak	 positive	 but	 non-significant	 correlations	 of	
‘kinaesthetic’	 with	 ‘would	 recommend	 to	 university’,	 ‘quiz	 useful’,	 and	
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quiz	 results	 (p=0.413,	 0.290,	 and	 0.217,	 respectively).	 	 ‘Visual’	 learners	
also	 weakly	 but	 non-significantly	 positively	 correlated	 with	 finding	 the	
‘system	useful’	and	‘quiz	useful’	(p=0.403	and	0.214,	respectively).	
	
Table	4-6			Correlations	(Pearson’s	r)	between	VARK	learning	style	percentages	and	
VAS	questions	as	well	as	quiz	results.			
	 Would	
Recommend	
Quiz	useful	 Quiz	result	
V	%	 0.018	 0.197	 -0.107	
A	%	 -0.163	 -0.272	 -0.103	
R	%	 0.010	 -0.100	 -0.015	
K	%	 0.128	 0.165	 0.194	
	
Correlations	r>0.1	are	highlighted	in	green	and	r<-0.1	in	orange.	
	
	
4.4.1 Summary	of	learning	styles	with	LAHFS	
	
VARK	 learning	styles	do	not	 strongly	affect	 the	acceptance	of	 the	LAHFS	
system.	 	However,	 there	were	weak	positive	 correlations	of	 kinaesthetic	
learning	style	percentage	with	ratings	of	LAHFS,	but	 these	did	not	 reach	
statistical	significance.	
	
4.5 ANALYSIS	OF	VARIOUS	LEARNING	ACTIVITIES	AND	RESOURCES	
	
Participants	who	tested	version	3	were	asked	to	rank	a	variety	of	learning	
resources	and	activities	including	LAHFS	on	their	usefulness,	from	1	(most	
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useful)	 to	 8	 (least	 useful).		 The	percentage	of	 students	 ranking	 each	 1st,	
2nd,	 etc.,	 is	 shown	 in	 Figure	 4	 -	 15,	 and	 mean	 ±	 standard	 deviation	
(median)	ranks	were	as	follows	(Table	4-7):			
	
Table	4-7	Mean	and	median	rankings	of	eight	learning	resources	
Learning	resources	 Mean	±	SD	(median)	
Lectures,	tutorials,	and	practicals	(face-to-face	
sessions)	
2.1	±	1.6	(1)	
Lectures,	tutorials,	and	practicals	(notes)	 2.9	±	1.6	(3)	
Textbooks	 3.0	±	1.6	(3)	
Haptic	system	(LAHFS)	 4.8	±	1.8	(5)	
Atlases	 5.1	±	2.0	(5)	
Software	 5.5	±	2.1	(5)	
Websites	 6.2	±	1.9	(7)	
Other	 7.5	±	1.6	(8)	
	
Friedman’s	 two-way	 analysis	 of	 variance	 (ANOVA)	 by	 ranks	was	 used	 to	
compare	 the	 ranking,	 which	 revealed	 that	 there	 were	 significant	
differences	 in	 rankings:	 X2(7)=105.578	 p<0.001.	 Wilcoxon	 signed	 ranks	
tests	were	used	 for	post-hoc	pair-wise	 comparisons	of	 LAHFS	with	each	
other	learning	resource.	
	
The	LAHFS	system	was	ranked	significantly	higher	than	websites,	p=0.009,	
and	 ‘other’	 resources,	p=0.001.	 	 ‘Other’	 resources	 listed	by	 respondents	
were	Peer	Assisted	Study	Sessions	(PASS),	learning	with	friends,	past	exam	
questions,	and	online	learning	games.	PASS	is	the	group	study	sessions	led	
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by	 near-peers	 (students	 who	 have	 previously	 succeeded	 in	 the	 unit	 of	
study).		PASS	is	an	internationally	accredited	program	offered	at	over	1500	
universities	worldwide,	including	selected	year	1	units	at	the	University	of	
Tasmania.		
	
There	were	no	significant	differences	between	the	rankings	of	LAHFS	and	
software,	p=0.195,	and	 anatomy	 atlases,	p=0.412.		 Programs	 are	 named	
by	the	respondents	included	Anatomy	&	Physiology	Revealed,	Interactive	
Physiology,	and	Muscle	Pro	3	app.	
	
The	LAHFS	system	was	ranked	significantly	lower	than	lecture,	tutorial	and	
practical	 face-to-face	 sessions;	 notes	 from	 lecture,	 tutorial	 and	 practical	
sessions;	and	textbooks;	all	p=0.001.		
	
Figure	4-15	Preferred	types	of	resources	of	learning	anatomy	
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In	 summary,	 LAHFS,	 used	 by	 the	 participants	 only	 once	 for	 	 	 10-15	
minutes,	 ranked	 lower	 than	 face-to-face	 lecture,	 tutorial,	 or	 practical	
sessions,	notes	 from	these	sessions,	and	textbooks	as	preferred	 learning	
resources.	 	Notably,	 LAHFS	 ranked	on	par	with	 other	 learning	 resources	
including	 atlases	 and	 software,	 and	 higher	 than	 websites	 and	 ‘other’	
resources.	
	
	
4.6 	ANALYSIS	OF	QUALITATIVE	QUESTIONS	
	
4.6.1 Qualitative	Data	Analysis	-	Thematic	Analysis		
	
For	 the	qualitative	data	analysis,	we	used	Thematic	Analysis	 to	 focus	on	
identifying	patterned	meaning	across	a	collected	qualitative	data	set.		
The	two	main	open	ended	questions	asked	in	the	survey	will	be	the	focus	
of	the	section	and	they	are:	
- What	was	the	best	aspect	of	the	system?		
- What	suggestions	do	you	have	for	improvement?		
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4.6.2 Best	aspects	
	
Three	main	keywords,	interactive,	haptic,	and	3D	were	counted	from	the	
free	 form	 comments	 from	 questionnaire.	 The	 ‘haptic’	 keyword	 includes	
mentioning	other	related	keywords	such	as	density,	pressure,	tactile,	feel,	
depth,	tenderness	of	organ,	and	touch.	The	‘3D’	keyword	includes	rotate,	
space,	and	moving	(Table	4-8).	
The	total	of	eleven	(11)	occurrences	of	‘interactive’	features,	twenty-three	
(23)	of	the	‘haptic’	keywords,	and	nineteen	(19)	of	 ‘3D’	were	mentioned	
by	respondents	as	the	best	aspects	of	the	system.		
	
Table	4-8	Qualitative	Comments	
	 Best	aspect	 Improvement	
Interactive	
feature	
“The	ability	to	interact	and	move	the	
structures,	as	well	as	learn	their	names.”	
“Interactive	set	up”	
“Interactive.	Good	for	kinaesthetic	
learners”	
Summary	of	the	
researcher	from	
the	comments:	
	
29	out	of	40	
comments	
indicated	the	
haptic	interface	
required	
improvement.	
	
“I	found	it	hard	
to	use	the	pen	
(maybe	it	moved	
too	quickly)”		
	
“Hard	to	pin	
point	the	smaller	
structures”		
	
Haptic	
feedback	
“The	haptic	feedback	makes	the	system	
more	interactive”*		
“The	depth	that	could	be	determined	for	
each	organ.	Also	the	pressure	that	was	
felt	when	pushing	in.”		
“Being	an	interactive	when	you	should	
touch	and	see	the	different	parts	of	the	
system”	
“The	ability	to	feel	how	hard	the	surface	
of	structures	was.	Good	3D	images	gives	
you	a	good	perspective”	“You	could	feel	
the	difference	in	texture	of	organs.”		
“touching”		
3D	 “The	3D-feel	of	the	system/sense	of	
space	it	gave.”		
“Being	able	to	rotate	the	organs”	“visual	
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presentation	 3D	model	of	the	anatomical	feature”	 “Getting	used	to	
the	control	of	the	
pen	was	hard	but	
would	come	with	
practices.”	
	
Other	
suggestions	
included	
3Dscreen	(one	
response)	or	3D	
glasses,	improved	
graphics,	and	a	
voice	talking	
through.		
Overall	
comment	
“Good	way	to	learn.”		
“Good	concept.”		
“It’s	not	boring	like	a	lot	of	study	and	
also	gives	detail	on	where	different	
vessels	are	in	regards	to	one	another.”	“It	
gives	a	different	approach	of	learning.”		
“The	system	gave	a	visual	diagram	of	the	
anatomy	and	I	was	able	to	pick	pieces	
around	to	see	all	sides	of	it.”	
Others	 fun	(1),	enjoyable	(1),	interesting	(1),	
image	(2),	colours	(1),	labels	(1),	quiz	(3)	
	
(*this	one	was	counted	to	the	‘interactive’	item	as	well	as	the	‘haptic’	item.)	
	
4.6.3 Suggestions	for	improvement	
	
40	out	of	44	people	left	a	comment	in	this	section.	
29	 responses	 out	 of	 40	 related	 to	 difficulty	 using	 the	 interface	 and	 the	
haptic	device	as	requiring	improvement.	
	
4.7 SUMMARY	OF	CHAPTER	4			
	
What	we	have	found	out	from	the	initial	survey	was	that	3D	version	with	interaction	
such	as	 zooming	and	 rotation	would	be	useful	 additions	 to	 the	 current	 resources.	
The	 LAHFS	 system	 was	 implemented	 in	 a	 cyclic	 manner	 with	 different	 user	 tests	
were	 done	 accordingly.	 The	 results	 from	 the	 collected	 responses	 from	 users	with	
three	different	versions	of	LAHFS	were	analysed	in	this	chapter.	
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Different	versions	were	used	to	collect	 information	on	how	they	performed,	 if	 the	
system	was	useful,	was	easy	to	use,	mentally	or	physically	stressed	while	using	the	
system,	 and	 if	 they	 would	 use	 it	 or	 recommend	 it	 to	 the	 university.	 Gender	
difference,	 major	 difference,	 and	 prior	 experience	 difference	 were	 another	
elements	used	to	analyse.	Also	correlations	between	VAS	questions,	with	intention	
to	 use	 the	 system,	 between	preferred	 learning	 styles	 along	with	 their	 study	were	
calculated.	Quiz	 results	 between	 different	 courses	 of	 study	 (MBBS1	 and	 CXA273),	
users’	ratings	of	the	system	with	different	experience	level	with	haptic	and	3D	were	
additionally	analysed.	
	
(RQ1):	 What	 are	 undergraduate	 students’	 responses	 to	 and	 attitudes	 toward	 a	
haptic	interface	for	learning	anatomy?	
(RQ2):	What	user	characteristics	influence	his/her	learning	from	and	acceptance	of	
the	haptic	learning	system?	
(RQ3):	 What	 elements	 of	 the	 haptic	 learning	 system	 influence	 user	 acceptance?
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5 CHAPTER	5	DISCUSSION	
5.1 RESEARCH	QUESTIONS	AND	DISCUSSION	
	
lthough	 anatomy	 knowledge	 is	 essential	 in	 the	 biological	 and	
health	sciences,	there	are	many	challenges	for	students	in	learning	
anatomy.	 	 The	 3-dimensional	 complexity	 of	 human	 anatomy	 is	
inadequately	 captured	 in	 2-	 dimensional	 representations,	 such	 as	
textbooks	or	atlas	diagrams,	or	2-dimensional	sections	through	the	body,	
such	 as	 from	 radiological	 images	 including	 computed	 tomography	 (CT)	
and	 magnetic	 resonance	 imaging	 (MRI).	 	 Resources	 that	 include	 3-
dimensional	 representations	 include	anatomical	models	 (plastic	or	other	
materials)	and	real	human	bodies	(cadavers),	which	may	be	dissected	by	
students	of	anatomy,	or	students	may	inspect	prosected	cadavers.	Use	of	
cadavers	 has	 ethical,	 resourcing,	 and	 cost	 issues	 (Adams,	 Bertram,	 &	
McMenamin,	2015;	Shaikh,	2015).	
	
A	
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Anatomy,	 as	 an	 important	 subject	 in	medical	 and	 health	 sciences,	 uses	
various	resources	to	assist	learning	(Figure	4-15).	It	 is	evident	that	multi-
sensory	 experiences	 are	 more	 realistic	 in	 learning	 anatomy	 (Newell	 &	
Mitchell,	2015;	Vanags	et	al.,	2012).			Adding	haptic	feedback	to	a	virtual	
anatomy	 computer	 system	 provides	 another	 sensory	 dimension	 to	
learning	the	subject.		
	
From	the	initial	survey	that	was	conducted	(Yeom,	2011),	it	was	clear	that	
medical	 students	 in	 the	 local	 context	 of	 the	 University	 of	 Tasmania	
wanted	 an	 additional	 system/resource	 to	 assist	 learning	 anatomy.		
Additionally,	 there	 were	 few	 studies	 investigating	 the	 use	 of	 haptic	
feedback	 in	 the	 context	 of	 undergraduate	 student	 learning	 of	 anatomy.		
Therefore,	 three	 different	 versions	 of	 LAHFS	were	 developed,	 and	 each	
implemented	 in	a	user	 test,	 to	address	 the	Research	Questions	 (Chap	2,	
p39).	 	At	each	user	 test,	undergraduate	university	 students	 tried	 LAHFS.		
The	 first	 user	 test	 was	 held	 in	 a	 separate	 classroom	 with	 the	 system	
installed	 in	 the	 School	 of	 Medicine	 and	 the	 School	 of	 Computing	 over	
several	 occasions.	 It	 was	 difficult	 to	 attract	 participants,	 with	 only	 8	
medical	 students	 testing	 version	1	 (3.5%	 response	 rate	 from	230	 year	2	
and	3	medical	students	invited).	Environmental	settings	for	the	user	tests	
2	and	3	were	more	natural	and	authentic:	teaching	laboratories	(Figure	3-
7)	 during	 a	 regularly	 scheduled	 anatomy	 practical	 learning	 session.	
Chapter	5	
																																																																																																																																																											
	 124	
Versions	2	and	3	were	tested	by	a	larger	number	of	students,	all	of	whom	
were	studying	anatomy,	with	response	rates	in	the	range	of	20-31%.		
	
Each	 participant	 was	 asked	 to	 complete	 a	 survey	 (Appendix	 2),	 which	
included	 demographic	 information	 (age	 and	 gender),	 course	 of	 enrolled	
study,	and	prior	experience	with	3D	or	haptic	 interfaces.	The	survey	also	
included	 several	 questions	 with	 VAS	 response	 scales,	 to	 determine	 the	
extent	 to	 which	 participants	 felt	 they	 were	 performing	 well	 with	 the	
system,	if	the	system	was	useful,	was	easy	to	use	and	whether	they	were	
mentally	or	physically	stressed.		
	
These	VAS	questions	enabled	research	question	1	(RQ1)	to	be	addressed:	
What	 are	 undergraduate	 students’	 responses	 to	 and	 attitudes	 toward	 a	
haptic	 interface	 for	 learning	 anatomy?	 	 The	 collected	 demographic	
information	 from	 the	 survey,	 combined	 with	 VAS	 questions	 and	 quiz	
performance,	enabled	research	question	2	 (RQ2)	to	be	addressed:	What	
user	characteristics	influence	his/her	learning	from	and	acceptance	of	the	
haptic	learning	system?		
	
In	user	test	2	and	3,	an	additional	VAS	question	asked	if	they	would	use	or	
recommend	the	University	to	use	the	system.		In	user	test	3,	another	VAS	
question	 asked	 if	 they	 found	 the	 quiz	 useful.	 Open-response	 questions	
sought	participants’	opinions	of	the	best	aspects	of	the	system,	and	those	
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in	 need	 of	 improvements,	 including	 suggestions	 for	 improvement.	
Additionally,	user	test	3	included	the	VARK	questionnaire	(Appendix	2)	to	
assess	 participants’	 preferred	 learning	 style(s).	 These	 and	 the	 other	
questions	 on	 the	 survey,	 as	 well	 as	 the	 characteristics	 of	 the	 three	
different	versions	of	the	LAHFS,	enabled	research	question	3	(RQ3)	to	be	
addressed:	What	 elements	 of	 the	 haptic	 learning	 system	 influence	 user	
acceptance?	
	
Because	 haptic	 feedback	 is	 interpreted	 by	 the	 brain	 through	 a	
combination	 of	 visual	 clues	 of	 deformation	 and	 tactile	 responses	 with	
vibration	 (Basdogan	 et	 al.,	 2004),	 the	 LAHFS	 used	 visual	 clues	 and	
different	levels	of	force	feedback	for	different	organs.	Surface	texture	was	
used	 to	 display	 the	 difference	 of	 organs	 such	 as	 depth	 and	 stiffness	
(hardness),	 of	 the	 various	 organs	 in	 the	 virtual	 anatomical	 model,	
including	 lungs,	 liver,	 and	 heart.	 	 In	 LAHFS,	 when	 the	 user	 touches	 an	
organ,	the	feedback	illustrates	visual	deformation	of	the	organ	along	with	
the	haptic	feedback.		An	experienced	anatomy	lecturer	tested	the	LAHFS	
and	 confirmed	 that	 the	 LAHFS	 feedback	 was	 similar	 to	 interacting	 with	
embalmed	cadaveric	liver,	heart	or	lungs.		
Constructivism	 learning	 theory	 suggests	 active	 experience	 with	 the	
materials	helps	build	knowledge	(Huang,	Rauch,	&	Liaw,	2010).		
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The	design	of	 LAHFS	 as	well	 as	 the	 quiz	 at	 the	 end	of	 user	 test	 session	
were	 based	 on	 multimedia	 design	 principles	 and	 cognitive	 load	 theory	
(Ayres,	2015;	Paas,	Renki,	&	Sweller,	2013)	
	
Participants	generally	thought	the	haptic	learning	system	was	useful,	was	
easy	to	use,	and	that	they	had	performed	well	with	it.	Their	perception	of	
any	negative	aspects	was	low,	with	little	experience	of	mental	or	physical	
stress.	 Results	 for	 each	 research	 question	 are	 presented	 in	more	 detail	
and	discussed	in	the	following	subsections.				
	
	
5.2 RESEARCH	QUESTION	1	
	
RQ1.		What	 are	 undergraduate	 students’	 responses	 to	 and	 attitudes	 toward	 a	
haptic	interface	for	learning	anatomy?		
	
	 The	mean	responses	to	 if	they	performed	well	with	the	system,	 if	 it	was	
useful,	easy	to	use,	if	they	would	use	the	system	or	recommend	it	to	the	
university,	and	if	the	quiz	was	useful,	were	positive.	Mental	and	physical	
stresses	 when	 using	 the	 system	 were	 low.	 	 However,	 there	 were	 wide	
ranges	 of	 responses	 to	 the	 questions	 amongst	 participants,	 and	 some	
differences	across	the	three	versions.	
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5.2.1 Discussion	on	results	from	the	VAS	questions	
	 	
As	 the	 system	 developed	 through	 versions	 1	 to	 3,	 the	 content	 was	
expanded	 from	 1	 to	 3	 modules	 (Table	 3-2),	 and	 the	 complexity	 of	 the	
system	 increased	 with	 a	 greater	 number	 of	 anatomical	 structures	
included	 and	 labelled.	 Smaller	 anatomical	 structures,	 e.g.	 blood	 vessels,	
were	 included	 in	 versions	 2	 and	 3.	 It	 was	 more	 difficult	 to	 give	 haptic	
feedback	through	this	device	on	these	smaller	structures.	In	this	section,	
we	 will	 look	 at	 how	 the	 users	 responded	 to	 each	 question	 on	 the	
questionnaire.	
	
	‘Performed	 Well’:	 The	 responses	 when	 the	 users	 were	 asked	 if	 they	
performed	well	with	the	system	(Figure	4-2)	decreased	from	version	1	to	
version	3,	but	these	differences	were	not	statistically	significant.		With	the	
introduction	 of	 the	 quiz	 in	 system	 version	 3,	 it	 was	 possible	 that	
participants’	 response	 to	 ‘were	 you	 performing	 well	 with	 the	 system?’	
may	have	been	influenced	by	their	performance	on	the	quiz,	i.e.	perhaps	
participants	interpreted	the	question	as	relating	to	how	they	felt	they	did	
on	the	quiz,	in	addition	to	their	performance	with	LAHFS.		To	check	this,	a	
Pearson	 correlation	 coefficient	 was	 computed	 between	 the	 quiz	 result	
and	 “performed	 well	 with	 system”,	 which	 yielded	 a	 small	 positive	
correlation,	 r=0.350,	 r2=12.3%,	 n=43,	 p=0.021,	 suggesting	 that	 this	 may	
have	been	the	case.		
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	‘Usefulness	 of	 the	 System’:	 The	 responses	 about	 whether	 the	 system	
was	useful	were	rated	as	72	±	18	(76)	across	all	the	user	tests.	There	was	a	
decrease	from	version	1	to	version	2	(Figure	4-3),	however	this	decrease	
was	 not	 statistically	 significant.	 	 	 Year	 1	 medical	 students’	 ratings	
increased	from	69	±	17	(70)	to	76	±	20	(83)	(non-significantly,	p=0.056)	on	
this	item	from	version	2	to	version	3.	Perhaps	the	addition	of	the	quiz,	for	
students	 to	 receive	 feedback	 on	 their	 learning,	 influenced	 this	 small	
improvement	in	its	usefulness.		
	
	‘Easy	 to	Use’:	This	was	rated	as	57	±	22	(60)	across	all	 the	user	tests.	 It	
was	 the	only	 item	that	decreased	significantly	 (version	1	vs.	2	 (p=0.026)	
and	1	vs.	3	(p<0.001)),	from	72	±	19	(70)	to	58	±	20	(60)	to	51	±	21	(55),	
versions	 1,2,	 and	 3	 respectively	 (Figure	 4-4).	 The	 system	 increased	 in	
complexity,	 with	 more	 and	 smaller	 anatomical	 objects	 including	 blood	
vessels,	 from	 version	 1	 to	 3.	 	 Additionally,	 more	 functionality,	 and	 a	
submenu	 to	move	 around	 among	 different	modules	 and	 the	 quiz,	were	
added	 (Table	 3-2).	 This	 increasing	 complexity	 evidently	 resulted	 in	 a	
decrease	 in	 perceived	 ease	 of	 use	 as	 different	 studies	 reported	 (Burke,	
2013;	Young,	Van	Merrienboer,	Durning,	&	Ten	Cate,	2014).		
	
Ease	 of	 use	 and	 the	 system’s	 usefulness	 had	 a	 moderate	 by	 positive	
relationship	(r=0.541,	p<	0.001),	unlike	in	the	Shroff	et	al.	(2011)	research	
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that	 showed	 ease	 of	 use	 had	 significant	 influence	 on	 perceived	
usefulness.			
	
Most	 of	 the	 open-response	 comments	 from	 this	 study	 relating	 to	
improving	the	LAHFS	system	related	to	the	need	for	improvement	to	the	
haptic	 interface	 (Table	 4-8).	 Teklemariam	 and	 Das	 (2015)	 studied	 and	
confirmed	 the	 usability	 of	 haptic	 interaction	 with	 virtual	 objects	 in	
product	 design	 using	 Phantom	Omni.	 The	 researchers	 believed	 a	 haptic	
feedback	device	such	as	Phantom	Omni	with	virtual	objects	reduced	the	
overall	 cost	 to	 achieve	 the	 outcome	 of	 design	 products.	 However	 the	
device	could	be	more	advanced	in	free	hand	interaction.			
	
	‘Mental	and	Physical	Stress’:	 In	response	to	the	questions	to	discover	if	
the	users	were	mentally	or	physically	 stressed,	 the	average	assessments	
of	three	versions	were	28	±	25	(21)	for	mentally	stressed	(Figure	4-5)	and	
22	±	24	(14)	for	physically	stressed	(Figure	4-6)	out	of	100.		The	Phantom	
Omni	 device	 was	 not	 used	 previously	 by	 the	 users,	 and	 virtual	 haptic	
feedback	 was	 a	 new	 experience	 for	 most	 participants.	 Despite	 the	
increasing	complexity	from	versions	1	to	3,	and	the	addition	of	the	quiz	to	
version	3,	 this	did	not	 result	 in	 an	 increase	 in	mental	or	physical	 stress.		
This	 suggests	 that	 although	many	 participants	 reported	 that	 the	 haptic	
device	 could	be	 improved	 to	 increase	 its	 ease	of	use,	nevertheless	 they	
were	not	particularly	physically	or	mentally	stressed	by	 it.	 	Furthermore,	
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the	 quiz	 in	 version	 3	 did	 not	 create	 additional	 stress	 on	 participants,	
which	is	unsurprising,	given	that	it	was	formative.			
	
	Correlations	 among	VAS	questions:	 It	was	 found	 that	 ‘performed	well’,	
‘system	 useful’,	 and	 ‘system	 easy	 to	 use’	 were	 strongly	 positively	
correlated	with	each	other.	This	was	similar	to	the	results	of	Hess	(2014)	
and	 Shroff	 (2011),	 when	 they	 reported	 a	 reliability	 generalisation	 study	
based	 on	 the	 features	 of	 TAM.	 Also	 ‘mentally	 stressful’	 with	 ‘physically	
stressful’	 were	 strongly	 positively	 correlated.	 	 In	 contrast,	 there	 were	
weak	or	non-significant	negative	correlations	between	the	two	‘stressful’	
variables	on	the	one	hand	and	the	other	three	VAS	questions,	‘performed	
well’,	‘system	easy	to	use’,	and	‘system	useful’	(Table	4-1).	
	
	User	acceptance	and	intention	to	use	the	system:		
Most	of	 the	Technology	Acceptance	Model	 (TAM)	 related	 research	used	
two	elements:	ease	of	use	and	usefulness	as	predictors	of	intention	to	use	
the	system	(Davis	et	al.,	1989;	Lee	&	Lehto,	2013;	Marangunić	&	Granić,	
2015).	 The	 two	 questions,	 ‘Would	 you	 use	 this	 system	 as	 an	 aid	 to	
learning	 when	 it	 is	 fully	 developed?’	 in	 version	 2,	 and	 ‘Would	 you	
recommend	the	University	use	a	system	based	on	this	one?’	in	version	3,	
both	relate	to	the	intention	to	use	the	system	and	were	rated	positively,	
at	74	±	17	 (75)	 and	59	±	21	 (63)	 respectively.	 	 The	 TAM	of	Davis	 posits	
that	 usefulness	 and	 ease	 of	 use	 are	 the	 main	 determinants	 of	 user	
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acceptance	and	intention	to	use	a	system	(Davis	et	al.,	1989;	Lee	&	Lehto,	
2013;	Marangunić	&	Granić,	2015).		The	behavioural	intention	to	use	(BI)	
by	Turner	and	his	team	(2010)	 is	 interpreted	as	acceptance	in	this	study.	
Would	 use	 it	 or	 Recommend	 it	 to	 university	 however	 the	 original	 both	
elements	are	still	valid	to	measure	acceptance	of	technology.			
	
A	 strong	 positive	 correlation	 between	 ‘system	 useful’	 and	 ‘would	
use/recommend’	 was	 found	 (r=0.569,	 part	 correlation	 0.285,	 p=0.007),	
and	 a	 weaker	 positive	 correlation	 between	 ‘ease	 of	 use’	 and	 ‘would	
use/recommend’	(r=0.517,	part	correlation	0.181,	p=0.079).		This	may	be	
interpreted	to	mean	that	the	respondents’	intension	to	use	the	system	is	
due	mainly	to	its	usefulness	and	they	are	less	concerned	that	the	system	
is	a	little	more	challenging	to	use.		
	
Usefulness	of	the	Quiz	and	the	scores	achieved		
The	 third	 version	 included	 a	 formative	 quiz,	 which	 tested	 students’	
learning	 of	 the	 names	 of	 anatomical	 structures	 tagged	 in	 LAHFS,	 thus	
giving	students	the	opportunity	to	rehearse	their	knowledge	(Edmunds	et	
al.,	2013)	gained	from	LAHFS,	and	for	the	year	1	medical	students,	related	
to	the	learning	objectives	of	the	practical	laboratory	session	at	which	the	
user	 test	 occurred.	 	 The	 question	 ‘was	 the	 quiz	 useful	 as	 a	 check	 on	
understanding?’	yielded	a	very	positive	response,	77	±	18	(80).	Behavioral	
rehearsal	 as	 an	 active	 learning	 technique	 has	 a	 positive	 relationship	 to	
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skills	 development	 (Edmunds	 et	 al.,	 2013;	 Rutherford-Hemming,	 2012;	
Young	et	al.,	2014).		
	
Participants	 generally	did	well	 on	 the	quiz,	with	 average	 scores	of	7.1	±	
2.6	 (8)	 out	 of	 10.	 This	 suggests	 that	 the	 students	 learned	 the	material	
fairly	 well;	 however,	 there	 was	 not	 a	 pre-test	 /	 post-test	 design	 in	 this	
study.	 	 There	 was	 a	 moderate	 positive	 correlation	 (r=0.443)	 between	
participants’	 score	 on	 the	quiz	 and	 their	 rating	 of	 the	 usefulness	 of	 the	
quiz.	 This	 might	 indicate	 that	 the	 system	 or	 quiz	 confirmed	 the	 user’s	
knowledge	on	the	topic.	
	
5.2.2 Concluding	Remarks	on	RQ1		
	
[RQ1:	 What	 are	 undergraduate	 students’	 responses	 to	 and	 attitudes	
toward	a	haptic	interface	for	learning	anatomy?]	
The	first	user	test	was	well	received	by	the	group	of	users.	As	the	system	
became	more	complex,	this	might	have	led	to	the	degradation	of	ease	of	
use	of	the	system	as	it	advanced.	However,	the	system	was	still	regarded	
as	a	useful	tool	for	their	learning.		
	
These	 responses	 indicated	 that	 the	 haptic	 component	 of	 teaching	
anatomy	 was	 appreciated	 at	 the	 time	 of	 the	 experiment,	 and	 that	
simplified	models	may	have	resulted	in	a	better	experience.	The	decline	in	
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rating	may	be	attributed	to	the	 increasing	complexity	of	the	models	and	
the	interface.		
	
This	 study	 with	 LAHFS	 agrees	 with	 the	 findings	 of	 others	 (Hess	 et	 al.,	
2014;	Marangunić	&	Granić,	 2015;	 Shroff	 et	 al.,	 2011),	 that	 ease	of	 use	
and	usefulness	had	a	strong	relation	to	the	behavioural	 intention	to	use,	
and	usefulness	had	a	stronger	correlation	than	ease	of	use.		
	
The	 system	 implementation	 was	 done	 according	 to	 the	 cognitive	 load	
theory	(Paas	et	al.	2003),	which	aims	to	keep	learners’	cognitive	load	to	a	
minimum:	for	example,	by	letting	the	user	turn	the	labels	of	parts	on/off.		
Simplification	 of	 the	 task	 in	 learning	 as	well	 as	 self-assessment	 (i.e.	 the	
quiz)	was	implemented	as	instructional	techniques	ensured	performance	
and	 learning	were	not	affected	by	possible	extraneous	 loads	on	 learners	
(Young	et	al.,	2014).		
	
This	 LAHFS	 research	 showed	 the	 acceptance	 of	 the	 system	 was	 higher	
when	 it	 was	 aligned	 well	 with	 relevant	 contents,	 self-directed	 learning	
(Bergman	et	al.,	2013)	and	 the	self-assessment	of	 the	quiz	 in	particular.	
Similarly,	important	factors	for	selecting	CAL	resources	from	the	students’	
perspectives	were	cost,	self-assessment,	ease	of	use,	and	alignment	with	
the	curriculum	(Choi-Lundberg	et	al.,	2015).		
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Apparently,	 an	 option	 of	 self-assessment	 is	 in	 demand.	 Alignment	 with	
the	curriculum	was	another	factor	raised	in	this	research.	For	example,	it	
was	 more	 welcomed	 when	 the	 content	 of	 experiment	 sessions	 aligned	
better	with	the	topic	covered	in	the	class	than	otherwise.	
The	correlation	between	Quiz	usefulness	and	System	usefulness	was	very	
strong	 at	 r=0.716,	 p	 <0.001.	 This	 may	 be	 interpreted	 to	 mean	 that	
students	accept	this	type	of	system	as	a	self-assessment	tool.	 It	can	also	
be	 interpreted	 to	 mean	 that	 the	 students	 need	 formative	 assessment	
tools	to	rehearse	and	confirm	their	knowledge	(Bergman	et	al.,	2013).	
	
However	it	is	not	possible	to	say	from	these	user	tests	whether	students	
would	improve	their	ratings	 if	they	were	to	gain	more	experience	with	a	
haptic	 interface	 (thus	 reducing	 the	 operational	 difficulty),	 or	 whether	
long-term	 learning	of	anatomy	was	enhanced.	The	 tests	did	not	explore	
these	factors,	nor	did	it	examine	the	use	of	a	haptic	interface	in	exploring	
the	 anatomical	 relationships	 amongst	 various	 organ	 systems,	 as	 the	
cardiovascular	system	module	was	separate	from	the	lungs/liver	module.	
Most	of	their	results	from	the	second	try	were	better	than	the	first.	This	
does	not	necessarily	mean	that	 their	 learning	was	 improved,	however	 it	
may	 mean	 how	 quickly	 the	 students	 can	 get	 used	 to	 this	 new	 kind	 of	
interface.	 As	 the	 quiz	 was	 meant	 to	 provide	 formative	 feedback	 on	
learning,	participants	were	given	a	second	try	at	a	question	if	they	did	not	
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get	it	correct	on	the	first	attempt,	but	further	attempts	were	not	allowed	
in	the	interest	of	time.	
		
	
5.3 RESEARCH	QUESTION	2	
_________________________________________________________________	
RQ2.	What	user	characteristics	influence	his/her	learning	from	and	acceptance	
of	LAHFS:	
Summary	of	findings:	 	
• Gender:	Females	rated	‘performed	well’	with	the	system	lower	than	
males,	but	were	more	likely	to	‘use/	recommend	the	system’.				
• Course/unit	of	study:	Comparison	between	year	1	medical	students	and	
allied	health	sciences	and	education	students	enrolled	in	CXA273	
showed	‘system	useful’,	‘quiz	useful’,	and	‘quiz	score’	was	higher	for	the	
former	group.		
• Prior	experience	with	haptic:	no	significant	differences,	but	there	was	a	
trend	for	‘easy	to	use’	to	be	rated	higher	by	those	with	prior	experience.	
• Prior	experience	with	3D:	no	significant	differences,	but	trends	for	
‘perform	well’,	‘system	useful’,	‘easy	to	use’,	‘would	use/recommend’,	
and	‘quiz	useful’	were	rated	higher	by	those	with	more	prior	experience	
with	3D.	
• VARK%:	There	were	no	statistically	significant	correlations,	but	some	
interesting	trends:	K%	(but	not	A%,	R%)	generally	had	small	positive	
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correlations	(0.1	<	r	<	0.2	except	as	noted)	with	‘performed	well’	
(r=0.232),	‘easy	to	use’,	‘would	use/recommend’,	and	‘quiz	useful’,	but	
also	‘mental	&	physical	stress’.	V%	had	small	positive	correlations	with	
‘system	useful’	and	‘quiz	useful’.		
________________________________________________________________	
	
	
5.3.1 Gender	 	
	
There	were	some	differences	in	VAS	questions	between	genders	(Figure	4-
8),	 i.e.	 ‘performed	 well’	 was	 rated	 lower	 by	 females,	 while	 they	 were	
more	likely	to	use	or	recommend	the	system.		
	 	
The	 female	 participants	 tended	 to	 judge	 themselves	 rather	 than	 the	
system,	commenting	“I	didn’t	do	well”	rather	than	criticising	the	system.		
Interestingly,	 females	 scored	 74%	 in	 the	 quiz	 whereas	 male	 students	
averaged	 69%	 (this	 difference	 was	 not	 statistically	 different,	 and	 the	
median	score	for	both	genders	was	80%),	so	this	did	not	relate	to	actual	
performance	in	the	quiz.	This	gender	difference	in	perceived	performance	
is	 at	 odds	with	 the	neutrality	 observed	by	 Padilla-Meléndez,	 del	 Aguila-
Obra	and	Garrido-Moreno	(2012,	p.	314),	but	accords	with	the	findings	of	
Ong	and	Lai	 (2006)	 in	 respect	 to	 females’	 lower	rating	of	computer	self-
efficacy	 in	the	context	of	 learning.	Nevertheless	females	 liked	the	use	of	
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the	 system	 more	 than	 males	 so	 that	 they	 rated	 higher	 on	
‘recommendation	to	the	university’	and	possible	‘use	of	the	system’.	 
	
5.3.2 Course/unit	of	study		
	
Comparisons	 by	 participants’	 course/unit	 of	 study	 was	 less	
straightforward	due	 to	different	cohorts	 testing	different	versions	of	 the	
system.		Relevant	comparisons	included	the	following:		
• Version	1:	Computing	vs	year	2	or	year	3	Medical	students	
• Version	 3:	 Year	 1	 Medical	 students	 vs	 Health	 sciences	 and	
Education	students	enrolled	in	CXA273	
• Year	1	Medical	students:	Version	2	vs	Version	3	
	
5.3.2.1 Version	1:		Computing	vs	Year	2	or	3	Medical	students		
There	were	no	significant	differences	between	Computing	(n=10)	and	year	
2	or	3	medical	students	(n=8)	in	user	test	version	1.	The	small	sample	sizes	
made	 it	 unlikely	 to	 detect	 differences	 between	 these	 two	 groups.		
Comparing	across	all	versions	and	participants,	computing	students	gave	
the	 highest	 ratings	 for	 ‘system	 usefulness’	 and	 ‘ease	 of	 use’,	 but	 also	
reported	the	highest	‘mental	stress’	and	‘physical	stress’.		
	
Year	2	or	3	medical	 students	saw	this	 system	as	very	useful	and	easy	 to	
use.	 Furthermore,	 their	 stress	 levels	were	 the	 lowest	 out	 of	 any	 group.	
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This	 group	 had	 the	 highest	 acceptance	 of	 the	 system	 out	 of	 students	
studying	biology-related	fields;	however	the	population	was	too	small	to	
draw	any	conclusion.		The	self-selection	bias	(the	very	low	response	rate	
of	8	of	230,	which	is	3.5%)	may	have	led	to	participants	who	were	highly	
likely	to	accept	the	system.	
	
5.3.2.2 Version	3:		Year	1	Medical	Students	vs	the	Allied	Health	Sciences	
and	Education	students	enrolled	in	CXA273	
Year	1	medical	students	rated	‘system	useful’	and	‘quiz	useful’	higher	than	
the	allied	health	sciences	and	education	students	enrolled	in	CXA273,	and	
performed	 better	 in	 the	 quiz	 (Figure	 4-12).	 This	 could	 be	 due	 to	 the	
closely	 related	 content	 of	 the	practical	 laboratory	 sessions	 at	which	 the	
user	 test	 occurred	 for	 year	 1	 medical	 students	 (introductory	 organ	
systems	 including	 cardiovascular,	 respiratory	and	digestive)	 compared	 to	
the	 unrelated	 CXA273	 practical	 on	 the	 urinary	 (renal)	 system.	 However,	
the	allied	health	sciences	and	education	students	enrolled	in	CXA273	had	
studied	 the	 cardiovascular,	 respiratory	 and	 digestive	 organ	 systems	 	 in	
previous	weeks,	 so	 LAHFS	would	 have	 provided	 a	 good	 opportunity	 for	
them	 to	 revise	 their	 understanding,	 particularly	 with	 end-of-semester	
exams	approaching.	 
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5.3.2.3 Year	1	Medical	Students:	Version	2	vs	Version	3	
Different	cohorts	of	year	1	medical	students	tested	version	2	and	version	
3	 in	 2012	 and	 2013	 respectively.	 Version	 2	 had	 a	 total	 of	 23	 labelled	
structures,	 while	 version	 3	 had	 27	 labelled	 structures.	 Version	 3	 also	
included	a	quiz	that	randomly	generated	a	list	of	10	structures	to	identify	
from	the	learning	module	on	heart	and	blood	vessels	(Table	3-2).	
	
There	were	no	statistically	significant	differences	between	year	1	medical	
students’	ratings	of	versions	2	and	3;	however,	there	were	trends	for	‘easy	
to	 use’	 and	 ‘would	 recommend’	 to	 be	 lower,	 and	 ‘physical	 stress’	 and	
‘system	useful’	to	be	higher.		The	decline	in	‘would	use/recommend’	may	
have	 related	 to	 the	 different	 wording	 of	 the	 questions,	 as	 described	
previously.		The	higher	‘usefulness’	of	the	system,	but	also	higher	‘physical	
stress’	and	lower	‘ease	of	use’,	might	have	been	related	to	the	quiz,	which	
required	students	to	click	on	the	usually	small	structure	to	identify	it,	and	
also	to	click	on	a	small	menu	button,	‘next	question’.			
	
5.3.3 Prior	experiences	with	haptic		
	
The	 vast	 majority	 (83%)	 of	 participants	 had	 no	 prior	 experience	 with	
haptic	devices.		Most	of	the	questions	had	similar	ratings	between	those	
with	 and	 those	 without	 prior	 haptic	 experience	 (Figure	 4-13),	 although	
there	was	a	 trend	 for	 those	with	prior	experience	 to	 rate	 the	 system	as	
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easier	 to	 use.	 The	 lack	 of	 a	 large	 difference	 suggests	 that	 this	 interface	
does	not	require	any	special	skills	to	use.	Anecdotally,	most	students	were	
surprised	and	excited	by	the	novel	haptic	sensation	with	the	device.		
	
5.3.4 Prior	experiences	with	3D		
	
The	participants	had	more	previous	experience	with	3D	than	with	haptic	
interfaces;	29%	had	no	prior	experience	with	3D	before,	39%	had	one	to	
ten	prior	experiences,	and	31%	had	more	than	ten.	(Figure	4-14)	
	
There	 were	 non-significant	 trends	 for	 participants	 with	 more	 prior	
experiences	 with	 3D	 to	 rate	 ‘performed	 well’,	 ‘system	 useful’,	 ‘easy	 to	
use’,	‘would	recommend’,	and	‘quiz	useful’	higher.		
	
In	the	beginning	of	the	trial,	some	students	found	it	was	hard	to	get	used	
to	a	new	dimension,	z,	which	was	the	depth	of	the	3D	setting.	However	
participants	generally	quickly	became	adept	at	using	 the	Phantom	Omni	
to	manipulate	 and	 identify	 objects.	 	 Nevertheless,	 as	 the	 LAHFS	 system	
includes	 3-dimensional	 aspects,	 including	 rotation	 and	 moving	 objects	
along	the	z-axis,	prior	experience	may	improve	user	acceptance,	as	well	as	
performance	 in	 the	 quiz,	 which	 was	 just	 significantly	 higher	 (78%	 ±	 21	
(80%)	vs	59%	±	30	(60%),	p=0.05)	in	those	with	prior	experiences	than	for	
those	 without.	 	 	 The	 3D	 environment	 of	 the	 quiz	 may	 have	 put	 an	
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additional	 cognitive	 load	on	 identifying	 structures,	which	 led	 those	with	
no	prior	experience	to	do	worse	in	the	quiz.	
	
5.3.5 Learning	styles		
	
The	 LAHFS	 system	 includes	 prominent	 visual	 and	 haptic	 components;	
thus,	 the	 VARK	 learning	 styles	 instrument,	 which	 includes	 visual	 and	
kinaesthetic,	as	well	as	auditory	and	reading,	dimensions	was	chosen	as	
the	 learning	 styles	 instrument	 for	 this	 study.	 	 The	 VARK	 survey	 was	
administered	to	participants	in	user	test	3	only.		
	
One	 of	 the	 effective	 learning	 elements	 pointed	 out	 by	 Vaughn	&	 Baker	
was	 to	 address	 learners’	 needs	 and	 understand	 their	 learning	 styles	
(2001).	Providing	only	 the	most	preferred	 learning	 style	may	not	be	 the	
best	option	for	learning	(Vaughn	&	Baker,	2001);	rather,	available	learning	
options	are	important	in	terms	of	availability	of	a	range	of	resources	and	
greater	 possibilities.	 Understanding	 individuals’	 preferred	 modality	 and	
providing	relevant	options	are	important	(Urval	et	al.,	2014).	
	
The	percentage	of	 the	Visual,	 Aural,	 Read/write,	 and	Kinaesthetic	 styles	
(a	%V,	%A,	%R,	%K	score)	were	determined	for	each	participant.	This	was	
due	to	the	small	population	of	43	participants	who	completed	the	VARK	
survey,	so	that	categorisation	into	VARK	categories	would	have	resulted	in	
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small	numbers	of	participants	in	each	of	the	20	categories	as	described	on	
the	 VARK	website.	 The	 percentages	 allow	 correlations	 of	 this	 data	with	
VAS	scores.		
	
None	of	the	correlations	between	learning	styles	and	VAS	questions	were	
significant.	This	means	there	is	no	prominent	difference	in	learning	styles	
and	 users’	 responses	 with	 LAHFS	 in	 this	 small	 sample.	 	 Nevertheless	
greater	kinaesthetic	(K%)	participants	had	weak	positive	correlations	with	
‘performed	well’,	 ‘system	useful’,	 ‘easy	 to	use’,	 ‘would	use/recommend’,	
and	‘quiz	useful’,	but	they	also	have	positive	correlation	with	‘mental	and	
physical	 stress’	 (Table	4-5).	While	higher	K%	 learners	 tended	 to	 rate	 the	
system	 higher,	 perhaps	 they	 found	 the	 haptic	 interface	was	 not	 natural	
enough,	hence	rated	mental	and	physical	stresses	higher.			
	 	
Visual	percentage	(V%)	had	positive	correlations	with	‘system	useful’	and	
‘quiz	 useful’,	 whereas	 aural	 and	 read/write	 percentages	 were	 nearly	 all	
negatively	 correlated.	 This	 is	 not	 surprising	 since	 the	 system	 was	 very	
much	 visual	 and	 haptic	 oriented,	 with	 limited	 text	 (only	 names	 of	
structures)	and	no	auditory	component.		
	
In	 surgical	 learning,	where	 touch	 is	 directly	 linked	 to	 the	 skills	 required	
(Esteban	et	al.,	2014),	haptic	 feedback	of	 learning	anatomy	will	enhance	
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knowledge	 of	 organs	 and	 may	 lead	 into	 more	 practical	 assistance	 of	
learning	for	kinaesthetic	learners.	
	
5.3.6 Concluding	Remarks	on	RQ2	
	
Analysis	 with	 different	 elements	 shows	 that	 there	 is	 no	 significant	
difference	 in	 gender,	 previous	 experiences	 with	 haptic,	 and	 some	 of	
courses	and	units.	Only	significant	difference	found	between	MBBS	year	1	
and	allied	Health	Science.	It	resulted	significantly	different	between	them	
for	the	system	useful,	quiz	useful,	and	quiz	result	items.	Only	kinaesthetic	
learners	 are	 positively	 correlated	 with	 performed	 well	 and	 easy	 to	 use	
(Table	4-5	and	4-6).	
	
5.4 RESEARCH	QUESTION	3	
	
	
RQ3.		What	elements	of	the	haptic	learning	system	influence	user	acceptance?		
	
	 Clean,	 clear	 user	 interface	 design	 without	 complexity	 is	 an	 important	
element	 for	 acceptance	 by	 users.	 	 Additional	 factors	 include	 usefulness	
and	relevance	of	the	topic	to	the	curriculum,	and	the	desire	for	a	variety	
of	learning	resources.		
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5.4.1 Elements	of	user	acceptance	
	
The	‘easy	to	use’	attribute	declined	from	V1	through	to	V3,	while	‘system	
useful’	decreased	 from	V1	to	V2,	with	 little	change	between	V2	and	V3,	
which	gave	a	bigger	gap	between	‘useful’	and	‘easy	to	use’	(Figure	4-1).		
	
With	 all	 those	 elements	 we	 examined	 in	 this	 section	 (Technology	 in	
Learning,	Haptic	interface	in	particular,	learning	styles,	and	gender),	TAM	
was	 the	 underlying	 model	 of	 theory.	 User	 satisfaction	 would	 be	 a	
retrospective	assessment	according	to	Lee	and	Lehto	(2013).		But	it	was	a	
more	 anticipating	 factor	 based	on	 the	 responses	 to	 ‘system	usefulness’,	
‘system	easy	to	use’,	and	‘would	you	recommend’	from	this	research	with	
LAHFS.		Although	satisfaction	is	assessed	already	with	‘usefulness’	of	the	
system	and	quiz	 and	 ‘easy	 to	use’,	 in	 our	 case,	 ‘would	 you	 recommend’	
was	a	more	complementary	question	to	anticipate	the	use	of	the	system.		
	
The	results	of	the	study	indicated	that	students'	perceived	‘system	useful’	
had	 a	 significant	 influence	 on	 their	 attitude	 towards	 usage	 (section	
4.3.6.1).		
	 	
The	 relevance	 of	 the	 topic	 to	 the	 curriculum	 or	 assessment	 will	 be	
another	factor,	which	could	be	a	part	of	perceived	usefulness.	
When	the	intention	to	use	is	low,	then	general	assessment	would	be	less	
positive	as	was	the	reason	for	CXA273.	So	a	close	relevance	to	the	content	
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is	crucial.	If	the	experiment	had	happened	during	week	5	of	CXA273	with	
the	 same	content	of	main	module	and	quiz,	 the	acceptance	might	have	
been	higher.					
	
Perceived	ease	of	use	was	not	significantly	predictive	of	either	perceived	
usefulness	or	behavioral	intention	(Lee	&	Lehto,	2013),	and	the	simplified	
version	 of	 the	 TAM	 worked	 well	 in	 predicting	 user	 acceptance	 by	
perceived	usefulness	and	ease	of	use	on	behavioral	intention	(Venkatesh,	
2000).	A	modified	version	of	TAM	removed	the	construct	of	attitude	as	a	
mediator	but	Venkatesh	(2000)	pointed	out	that	“the	simplified	version	of	
the	 TAM	 may	 be	 superior	 to	 the	 original	 model	 in	 predicting	 user	
acceptance,	by	 including	 the	direct	effects	of	both	perceived	usefulness	
and	ease	of	use	on	behavioral	intention”.	
At	the	time	of	the	study	of	Lee	&	Lehto,	the	students	had	used	the	tool,	
YouTube,	for	at	least	one	year	already	and	that	may	influence	perceived	
ease	of	use.	However,	usefulness	was	valued	higher	 than	ease	of	use	 in	
LAHFS,	without	prior	experiences	with	haptic.		 
	
5.4.2 Concluding	Remarks	on	RQ3	
	
Effective	 learning	 in	 any	discipline	 requires	 flexibility	 in	 learning	options	
(Vaughn	&	Baker,	2001).	This	is	particularly	true	in	medicine	with	its	busy	
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schedule.	The	LAHFS	has	the	potential	to	provide	flexibility	with	access	to	
a	3D	visual	and	haptic	sensory	learning	resource.	
	
How	 LAHFS	 was	 accepted	 as	 a	 useful	 learning	 resource	 was	 analysed	
based	on	the	rankings	of	 learning	resources	 in	the	questionnaire.	All	the	
other	 resources	 listed,	 lectures,	 tutorials,	 and	 practical	 sessions,	 notes,	
textbooks,	atlases,	software,	websites	and	other,	were	existing	resources	
for	 the	 students.	 In	 contrast,	 LAHFS	was	 a	 new	 resource,	 used	 for	 only	
about	 10	 –	 15	 minutes,	 and	 yet	 it	 ranked	 4th	 amongst	 eight	 learning	
resources,	 significantly	 lower	 than	 face-to-face	 classes,	 class	 notes,	 and	
textbooks;	and	significantly	above	websites	and	other	resources	(Figure	4-
15).		
	
The	 present	 research	 confirmed	 that	 the	 traditional	 methods	 such	 as	
lectures,	 lab	 sessions,	and	 textbooks	and	notes,	were	preferred	 learning	
options	 for	 students,	as	has	been	reported	previously	 (Choi-Lundberg	et	
al.,	 2015;	 Weber	 et	 al.,	 2012).	 However,	 this	 study	 found	 that	 many	
students	 rated	 the	LAHFS,	with	 its	haptic	 technology,	useful	and	easy	 to	
use.	
	
The	 participants	 had	 a	 similar	 or	 higher	 preference	 for	 the	 computer-
based	 haptic	 system	 compared	 to	 other	 available	 computer-based	
resources	 and	 atlases,	 a	 ‘traditional’	 resource.	 	 The	 LAHFS	 could	 offer	 a	
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different,	 optional	 learning	 tool	 and	 flexibility	 of	 access	 outside	 of	 class	
time	if	this	device	is	stationed	in	an	accessible	room.		
	
Additional	 features	 such	 haptic	 systems	 could	 offer	 in	 the	 future	 are	
expanding.	Already,	haptic	systems	have	been	studied	 in	various	surgical	
training	 areas	 (Basdogan	 et	 al.,	 2004;	 Coles	 et	 al.,	 2011;	 Esteban	 et	 al.,	
2014;	Fang	et	al.,	2014;	Tercero	et	al.,	2013;	Ullrich	&	Kuhlen,	2012;	Wu	et	
al.,	 2014).	 The	 current	 anatomy	 practical	 sessions	 at	 the	 University	 of	
Tasmania	 offer	 a	 variety	 of	 learning	 resources;	 LAHFS	 could	 be	
incorporated	as	an	additional,	optional	resource.	Not	all	students	will	find	
this	is	useful,	but	based	on	the	generally	high	level	of	user	acceptance,	it	
is	 likely	 that	 many	 will.	 This	 is	 also	 confirmed	 with	 another	 study	 that	
showed	 self-directed	 study	 resources	 are	 highly	welcomed	 by	 students,	
especially	 based	 on	 usefulness	 and	 ease	 of	 use	 (Choi-Lundberg	 et	 al.,	
2015).		
	
However	the	device	at	this	stage	 is	not	accessible	easily,	due	to	the	cost	
(AU$	2,460	 in	2011).	 	The	Phantom	Omni	 is	at	 the	 lower	end	 in	costing,	
but	 it	provides	6	degrees	of	 freedom	sensing	and	3	degrees	of	 freedom	
force	 feedback.	 	 As	 the	 cost	 of	 technology	 drops,	 and	 given	 that	 the	
current	 and	 future	 generations	of	 students	 are	 ‘digital	 natives’	 (Prensky,	
2001),	 it	 is	 time	 to	 introduce	 computer-based	 learning	 tools	 in	 the	
university	 learning	 environment	 with	 more	 advanced	 technology	
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incorporated.	 It	 is	anticipated	that	various	types	of	haptic	devices	under	
development	will	be	available	with	reduced	prices	in	the	near	future.	
	
The	 instructional	 tools	 developed	 are	 to	 provide	 assistance	 in	 terms	 of	
accessibility	and	availability	for	the	learner.	In	this	defined	context,	LAHFS	
is	 an	 instructional	 technology	 that	 assists	 the	 learner’s	 experiences,	
another	optional	way	of	learning.	
	
5.4.3 Relevance	of	LAHFS	to	the	laboratory	practical	topic	
	
The	direct	relevance	of	the	LAHFS	topic	to	the	laboratory	session	in	which	
it	was	tested	might	have	had	an	influence	on	how	the	students	perceived	
its	 usefulness.	 This	 relates	 to	 one	 of	 variables,	 ‘job	 relevance’,	 i.e.	 the	
degree	 to	 which	 the	 technology	 is	 applicable,	 in	 the	 TAM	 context	
(Marangunić	&	Granić,	2015).	When	they	used	the	system	with	the	same	
topic	 area,	 the	 students	 found	 the	 system	 was	 more	 useful	 than	
otherwise:	 The	 Year	 1	 MBBS	 practical	 included	 the	 organ	 systems	
displayed	 in	 LAHFS	 (cardiovascular,	 respiratory,	digestive).	 	However,	 the	
CXA273	 practical	 was	 about	 the	 urinary	 system.	 	 The	 Year	 1	 MBBS	
students’	 responses	 on	 ‘system	 useful’	 (p=0.013),	 quiz	 useful	 (p=0.012)	
and	quiz	result	(p=0.031)	were	higher.	
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As	Design	Research	advances	in	a	cyclic	manner,	it	was	inevitable	to	have	
different	 users	 and	 slightly	 different	 products	 in	 a	 cyclic	 incremental	
development.	 However	 the	 participants	 are	 all	 in	 common	 in	 terms	 of	
their	standpoint	as	novice	users	of	the	haptic	system.		
	
	
5.4.4 		Limitations	of	LAHFS	and	the		Study	
	
The	LAHFS	system,	 including	 their	visual	and	haptic	elements,	was	quite	
rudimentary,	 as	 they	 were	 aimed	 at	 students	 in	 the	 early	 stages	 of	
learning	human	anatomy.	Further	versions	with	higher	fidelity	anatomical	
models	may	increase	usefulness	for	anatomy	learning.			
	
Student	 learning	with	LAHFS	was	only	assessed	with	an	 immediate	post-
test,	 and	 was	 confounded	 with	 learning	 from	 the	 laboratory	 practical	
content	 for	MBBS	 students	and	prior	 learning	earlier	 in	 the	 semester	of	
CXA273	 students.	 	 A	 pre-test,	 post-test,	 delayed	 post-test	 design,	 with	
students	randomised	to	LAHFS	or	other	learning	resources,	at	a	time	prior	
to	 the	 students	 studying	 the	 cardiovascular	 system,	would	better	 assess	
learning	specifically	 from	LAHFS	and	 in	comparison	to	more	traditionally	
used	learning	resources.			
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One	of	limitations	of	this	research	is	self-selection	bias.		Students	who	are	
interested	 in	 and	 more	 accepting	 of	 technology	 may	 have	 been	 more	
likely	 to	 volunteer	 to	 test	 the	 system;	hence,	 their	 evaluation	may	have	
been	 more	 favourable	 than	 the	 general	 undergraduate	 student	
population.	 	Although	more	medical	 students	wanted	 to	 try	 the	 system,	
its	use	was	limited	to	the	set	class	time	in	user	tests	2	and	3,	and	only	one	
LAHFS	was	available.		
	
Students	 self-selected	 to	participate	 in	 the	user	 tests,	and	 thus	may	not	
be	 typical	 of	 the	 population	 of	 undergraduate	 students	 of	 human	
anatomy.		Version	1	was	tested	by	only	10	BComp	students	(who	were	not	
studying	 anatomy)	 and	 8	MBBS	 students,	 the	 latter	 representing	 only	 a	
3.5%	response	rate.			
Versions	2	and	3	were	tested	by	larger	number	of	students	than	Version	1,	
and	 all	 participants	 in	 Version	 2	 and	 3	 were	 studying	 anatomy,	 with	
response	rates	in	the	range	of	20-31%.			
	
Another	limitation	of	the	present	study	was	the	relatively	small	number	of	
participants	 (n=89	 across	 three	 user	 tests).	 	 Larger	 numbers	 of	
participants	 may	 have	 resulted	 in	 many	 observed	 trends	 becoming	
statistically	significant	
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It	is	difficult	to	provide	the	feel	of	small	objects	with	a	haptic	response.	It	
is	more	suitable	for	larger	objects	such	as	heart	chambers,	liver,	and	lungs	
than	for	fine	blood	vessels	such	as	the	left	common	carotid	artery	or	the	
right	subclavian	vein.		
	
In	 the	 first	 implementation	 of	 the	 system	 it	 calculated	 the	 internal	
characteristics	 of	 every	 object	 either	 visible	 or	 hidden	 thirty	 times	 a	
second.	This	required	a	great	deal	of	processing	power,	and	consequently	
system	 performance	 was	 slow.	 Later	 versions	 of	 the	 system	 eliminated	
these	 unnecessary	 calculations	 so	making	 the	 system	quicker	 and	more	
responsive.	
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6 CHAPTER	6	CONCLUSIONS	AND	FUTURE	WORK	
6.1 CONCLUSIONS	AND	CONTRIBUTIONS	OF	THE	RESEARCH	
	
ndergraduate	 students’	 responses	 to	 a	 haptic	 interface	 for	
learning	 anatomy	 were	 generally	 favourable,	 with	 considerable	
variance	in	responses.				
	
In	 order	 to	 find	 out	 what	 user	 characteristics	 and	 system	 elements	
influence	learning	from	and	acceptance	of	LAHFS,	attitudes	were	studied	
based	on	responses	to	questionnaires.		
	
There	were	no	differences	in	the	acceptance	of	the	system	based	on	prior	
experience	with	haptic	 devices,	 although	 there	was	 a	 trend	 for	 ‘ease	of	
use’	 to	 be	 rated	 higher	 with	 prior	 haptic	 experience.	 Similarly,	 more	
experience	 with	 3D	 interfaces	 was	 associated	 with	 rating	 the	 LAHFS	
system	as	‘easier	to	use’,	and	with	non-significant	trends	for	higher	ratings	
of	 ‘performed	 well’,	 ‘system	 useful’,	 ‘would	 use/recommend’,	 and	 ‘quiz	
U	
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useful’.	There	was	a	learning	curve	in	becoming	accustomed	to	the	LAHFS	
system,	 and	 prior	 experience	 with	 haptic	 or	 3D	 systems	 may	 have	
facilitated	adaptation	and	resulted	in	somewhat	higher	acceptance.		
	
Although	female	students	rated	their	performance	with	the	system	lower	
than	 males,	 they	 were	 more	 likely	 to	 use	 or	 recommend	 the	 system.	
Gender	 did	 not	 significantly	 influence	 perceptions	 of	 ease	 of	 use	 and	
usefulness	of	a	haptic	interface.		
	
None	 of	 the	 correlations	 of	 percentage	 of	 visual,	 aural,	 read/write,	 or	
kinaesthetic	 learning	 styles	 with	 ratings	 of	 the	 system	were	 statistically	
significant,	 although	 kinaesthetic	 percentage	 positively	 correlated	 with	
‘performed	well’,	‘easy	to	use’,	‘quiz	useful’,	and	‘quiz	result’,	but	also	with	
‘mentally	and	physically	stressed’.		The	lack	of	an	auditory	component	or	
significant	 amounts	 of	 text	 (beyond	 labels)	 probably	 resulted	 in	 the	
participants	 with	 higher	 percentages	 of	 aural	 or	 read/write	 learning	
preferences	 tending	 to	 rate	 the	 system	 lower.	 	 Thus,	 students	 with	 a	
preference	 for	 kinaesthetic	 learning	 approaches	may	be	more	 accepting	
of	the	LAHFS	system.			
	
The	 LAHFS	 system	was	 ranked	as	 the	 fourth	 favoured	 learning	 resource,	
after	 face-to-face	classes,	notes,	and	textbooks,	and	followed	by	atlases,	
software,	 websites,	 and	 ‘other’	 resources	 (Table	 4-7,	 Figure	 4-15).	 	 The	
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LAHFS	 did	 not	 statistically	 differ	 in	 ranking	 to	 atlases	 and	 software,	 but	
was	 significantly	 higher	 ranked	 than	 websites	 and	 other	 learning	
resources,	 while	 being	 significantly	 lower	 ranked	 than	 face-to-face	
learning	 sessions	 and	 associated	 notes	 as	 well	 as	 textbooks.	 	 These	
findings	 confirm	 that	 the	 traditional	 learning	 resources	 such	as	 lectures,	
tutorials,	and	practicals	in	both	modes	of	face-to-face	sessions	and	notes	
are	 valued	 highly.	 This	 also	 suggests	 that	 the	 LAHFS	 system	 could	 be	 a	
valued	addition	to	the	variety	of	learning	resources	offered	to	students	to	
support	their	learning	of	anatomy.		
	
Year	 1	medical	 students	 rated	 the	 system	and	quiz	 as	more	useful	 than	
allied	 health	 sciences	 and	 education	 students	 enrolled	 in	 Anatomy	 &	
Physiology	2	(A&P2).	This	may	be	related	to	the	medical	students’	better	
performance	on	the	quiz,	and/or	due	to	better	alignment	of	LAHFS	with	
the	 learning	 objectives	 of	 the	 Year	 1	MBBS	 practical	 than	 to	 the	 A&P2	
practical	 at	 which	 their	 user	 tests	 were	 conducted.	 This	 issue	 could	 be	
further	investigated	by	ensuring	alignment	of	the	LAHFS	with	the	topic	of	
laboratory	 practicals	 at	 which	 future	 user	 tests	 are	 conducted.		
Furthermore,	 this	 issue	 would	 not	 occur	 when	 this	 type	 of	 system	 is	
incorporated	 into	 laboratory	 practicals	 as	 another	 learning	 resource.	
Alignment	 of	 curriculum	 and	 technology	 is	 important,	 and	 technology	
yields	the	greatest	learning	benefits	when	it	is	used	in	a	learner-centered	
way	(Burns,	2013).	
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The	design	complexity	of	LAHFS	affected	user	acceptance.	Each	successive	
version	was	more	complex	with	more	and	smaller	anatomical	 structures	
labelled	 and	 additional	 functions	 of	 the	 haptic	 device	 enabled	 in	 the	
present	 study.	 	 This	 resulted	 in	 ease	 of	 use	 being	 rated	 lower	 with	
successive	versions	of	 the	system.	The	haptic	 interface	should	be	simple	
to	 use	 and	 not	 demand	 significant	 attention	 or	 cognitive	 load	 to	 be	
effective	 in	 supporting	 learning.	 	 Hence,	 further	 development	 of	 haptic	
interfaces	and	additional	studies	of	their	acceptance	should	occur.	
	
Generally,	 LAHFS	 was	 well	 accepted,	 and	 the	 students	 appreciated	 the	
quiz.	Opportunities	to	rehearse	knowledge	through	formative	assessment	
should	be	incorporated	into	learning	resources	(Edmunds	et	al.,	2013).			
	
Virtual	 reality	 anatomy	 learning	 can	 be	 used	 to	 complement	 traditional	
methods	 of	 learning	 effectively	 (Codd	 and	 Chodhurry,	 2011);	 the	 LAHFS	
provided	an	additional	sensory	modality	of	haptic	feedback	for	students.		
With	 further	 development	 and	 greater	 realism	 of	 both	 visual	 and	
interface	components	of	the	system,	the	LAHFS	may	be	a	valued	addition	
for	 anatomy	 learning	 experiences	 and	 enable	 anatomy	 curriculum	
improvement	(Kish	et	al.,	2013).	
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This	study	with	LAHFS	confirms	that	technology	is	well	accepted	by	many	
students	 and	 may	 assist	 learning,	 but	 should	 not	 eplace	 but	 rather	
complement	 current	 practices,	 as	 students	 vary	 in	 their	 preferences	 for	
learning	resources	(Choi-Lundberg	et	al.,	2015),	and	some	academics	may	
be	resistant	to	elimination	of	traditional	teaching	methods	(Kazley	et	at.,	
2013).		
	
‘Haptic(s)’	 is	 a	 relatively	 new	 term,	 but	 its	 applications	 are	 expanding	
rapidly.	 The	 positive	 acceptance	 of	 the	 LAHFS	 system	 demonstrates	
another	way	of	learning	anatomy,	with	potential	for	further	development.	
It	suggests	that	adding	a	haptic	sensory	modality	will	enhance	computer-
based	learning	activities.		
	
This	 system	received	a	 favourable	acceptance	 from	most	of	 the	users	 in	
this	 study.	 An	 initial	 outlay	 is	 required	 to	 adopt	 this	 type	 of	 system	 in	
medical	and	related	disciplines;	however,	 it	may	provide	a	cost-effective	
resource	 to	 students	 in	 such	a	 crucial	 and	expensive	domain	of	 training	
experts.	 This	 type	 of	 device	 is	 developing	 very	 quickly	with	 other	more	
realistic	haptic	 interfaces,	e.g.,	glove-based	tools	and	their	 incorporation	
into	effective	learning	experiences	is	expanding.			
	
Much	previous	research	relating	 to	haptic	devices	 in	medical	and	health	
sciences	has	focused	on	advanced	trainees	learning	surgical	or	procedural	
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skills.	 	 The	present	 research	 suggests	 that	 incorporating	haptic	 feedback	
into	 virtual	 anatomical	 models	 may	 be	 a	 useful	 strategy	 to	 provide	
multisensory	information	in	learning	anatomy	at	the	undergraduate	level.	
This	 study	 also	 found	 that	 system	 complexity	 is	 one	 factor	 that	 affects	
users’	 acceptance	 of	 the	 system.	 Furthermore,	 haptic	 suitability	 for	
kinaesthetic	learners	was	confirmed.		
	
 
6.2 RECOMMENDATIONS	
	
With	further	development	of	haptic	interface	technology	and	reduction	of	
cost,	 haptic	 systems	 should	 become	 a	 viable	 option	 for	 teachers	 of	
anatomy	 to	 include	 as	 an	 additional	 resource	 to	 assist	 their	 students	 in	
learning	anatomy.	
	
This	 study	 gives	 an	 important	 indication	 that	 this	 option	 of	 learning	
anatomy	 will	 enhance	 the	 learning	 experience	 and	 be	 generally	 well-
accepted	by	many	students.	
	
6.3 SUGGESTIONS	FOR	FUTURE	RESEARCH		
	
The	LAHFS	system	was	accepted	well	by	 the	users.	More	affordable	and	
usable	 haptic	 devices	 and	 applications	 are	 already	 appearing.	 For	
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example,	 virtual	 gloves	 give	 more	 realistic	 haptic	 feedback	 with	 better	
affordability.	 	 Continual	 research	 in	 parallel	 with	 user	 tests	 and	
commercial	bodies’	involvement	is	anticipated.		
	
LAHFS	is	constructive,	contextual,	and	self-directed.	Collaborative	features	
can	 be	 added	 on	 later	 (Bergman	 et	 al.,	 2013),	 with	 multiple	 users	 can	
interact	at	the	same	time.		
	
Providing	accurate	haptic	feedback	such	as	hardness	and	surface	texture	
of	 organs	 would	 help	 students	 to	 understand	 additional	 relevant	
information	 about	 anatomical	 structures.	 This	 earlier	 experience	 might	
also	 transfer	 into	 the	 surgical	 domain	 later,	 both	 the	 haptic	 anatomical	
knowledge	 as	 well	 as	 familiarity	 with	 haptic	 devices,	 since	 haptic	
interfaces	are	becoming	more	common	in	surgical	training.	
	
Another	 further	 study	 could	 be	 on	 a	 different	 age	 group	 such	 as	 high	
school	students.		Much	research	has	confirmed	that	age	is	a	major	role	in	
the	 interaction	with	 technology	 (Marangunić	 &	 Granić,	 2015).	With	 the	
advancement	of	computers	and	devices,	virtual	dissection	is	not	far	away,	
with	the	potential	for	haptic	modality	to	be	added	to	them.	(Sigrist	et	al.,	
2013).		
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Future	 experiments	 could	 explore	 what	 aspects	 of	 the	 Phantom	 Omni	
interface	 influenced	user	acceptance	and	performance.	 	Haptic	feedback	
includes	a	combination	of	somatosensory	(touch)	sensation	mediated	by	
tactile	 receptors	 in	 the	 skin,	 and	 kinaesthetic	 (muscle	 sense)	 sensation,	
mediated	by	kinaesthetic	receptors	in	muscles,	tendons,	and	joints	(Panait	
et	 al,	 2009).	 	 For	 example,	 two	 conditions	 could	 be	 compared	 with	
participants	randomly	assigned	to	two	groups,	(a)	the	LAHFS	as	tested	in	
the	present	study,	vs.	(b)	the	LAHFS	with	the	haptic	force	feedback	turned	
off,	 thus	 providing	 only	 somatosensory	 (touch)	 sensation	 and	 ‘passive’	
kinaesthetic	 sensation	 of	 the	 weight	 of	 the	 stylus	 itself.	 	 This	 would	
address	 whether	 the	 active	 force	 feedback	 provided	 by	 the	 Phantom	
Omni	 influenced	 user	 acceptance.	 	 We	 would	 hypothesise	 that	 this	
feedback	 is	 an	 important	 component	of	 the	 realism	of	 the	 system,	 as	 it	
provides	 a	 sense	 of	 ‘contact’	 with	 the	 organ,	 and	 its	 deformability	 or	
‘stiffness’.	 	 The	 influence	 of	more	 natural	 interaction	 interfaces	 such	 as	
glove-based	 haptic	 systems	 may	 be	 compared	 with	 the	 single-point-of-
contact	 stylus	 of	 the	Phantom	Omni,	 and	 again	 the	 influence	of	 ‘active’	
force	feedback	could	be	explored	by	turning	this	parameter	on	or	off.			
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	 Private Bag 87 Hobart 
Tasmania 7001 Australia  
Phone (03) 6226 2900  Fax (03) 6228 2913 
Email Andrew.Fluck@utas.edu.au 
www.cis.utas.edu.au 
 
SCHOOL OF COMPUTING AND INFORMATION SYSTEMS 
 
 
PARTICIPANT INFORMATION SHEET  
SOCIAL SCIENCE/ HUMANITITES 
RESEARCH 
 
User	acceptance	for	learning	anatomy	with	augmented	reality	in	3D		
 
Invitation 
You are invited to participate in a research study into how a computer 
generated 3D Augmented System can help studying anatomy.  
The study is being conducted by Soon-ja Yeom of School of Computing 
and Information Systems.  
 
1. ‘What is the purpose of this study?’ 
The purpose is to investigate whether flexible interaction with a 3D 
learning environment can enhance your understanding of human 
abdomen anatomy. 
 
2. ‘Why have I been invited to participate in this study?’ 
You are eligible to participate in this study because you are studying 
the topic area. 
 
3. ‘What does this study involve?’ 
You may initially explore the provided system as freely as you like. The 
main functions are  
- finding out names of organs that you need to locate and memorise 
- dissembling and reassembling parts to understand the inter 
relationship among the various organs 
- self-testing  
You can then learn the required aspect of anatomy using the worksheet. 
 
It is important that you understand that your involvement in this study 
is voluntary. While we would be pleased to have you participate, we 
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respect your right to decline. There will be no consequences to you if 
you decide not to participate, and this will not affect your study/result. 
If you decide to discontinue participation at any time, you may do so 
without providing an explanation. All information will be treated in a 
confidential manner, and your name will not be used in any publication 
arising out of the research. All of the research will be kept in a 
password-protected computer of the researcher. 
 
 
4. Are there any possible benefits from participation in this study? 
 
It is possible that you will notice a suitable method of learning for the 
topic. This may lead to improved performance in terms of learning 
different part of organs as well as the inter-relationship of organs. We 
will be interested to see if you experience any other benefits from your 
participation. 
 
If we are able to take the findings of this small study and link them with 
a wider study, the result may be valuable information for others. 
 
5. Are there any possible risks from participation in this study? 
 
There are no specific risks anticipated with participation in this study. 
However, if you find that you are becoming distressed or tired, you will 
be advised to receive support from an assistant during the session or 
alternatively, we will arrange for you to see a counsellor at the 
University of Tasmania at no expense to you. 
 
6. What if I have questions about this research? 
 
If you would like to discuss any aspect of this study please feel free to 
contact either Dr. Andrew Fluck on 6324 3284, or email to 
Andrew.fluck@utas.edu.au or Soon-ja Yeom on 6226 2963 or email to 
s.yeom@utas.edu.au. We would be happy to discuss any aspect of the 
research with you. Once we have analysed the information we will be 
mailing / emailing you a summary of our findings.  You are welcome to 
contact us at that time to discuss any issue relating to the research study. 
 
This study has been approved by the Tasmanian Social Science Human 
Research Ethics Committee.  If you have concerns or complaints about 
the conduct of this study should contact the Executive Officer of the 
HREC (Tasmania) Network on (03) 6226 7479 or email 
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human.ethics@utas.edu.au.  The Executive Officer is the person 
nominated to receive complaints from research participants. You will 
need to quote [HREC project number]. 
 
 
Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached consent form. 
This information sheet is for you to keep. 
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Questionnaires	used	in	user	tests	
	 UT1	 UT2	 UT3		
1	 Subject	no.	 Subject	no.	 Subject	no.	
2	 Age	 Age	 Age	
3	 Gender	 Gender	 Gender	
4	 	 Email	address	 Course	of	study	(degree	program)	
5	 Length	of	computing	use	 Length	of	computing	use	 Length	of	computing	use	
6	 How	long	have	you	been	using	a	computer?	 How	long	have	you	been	using	a	
computer?	
How	long	have	you	been	using	a	
computer?	
7	 How	often	do	you	use	a	computer?	 How	often	do	you	use	a	computer?	 How	often	do	you	use	a	computer?	
8	 Haptic	Experiences	 Haptic	Experiences	 Haptic	Experiences	
9	 Do	you	have	previous	experience	with	using	a	
haptic	interface?	
Do	you	have	previous	experience	with	
using	a	haptic	interface?	
Do	you	have	previous	experience	
with	using	a	tactile	(haptic)	interface,	
excluding	mobile	phones?	
10	 Xbox	360	Kinect?	 Xbox	360	Kinect?	 	
11	 Do	you	have	previous	experience	with	using	3D	
interfaces	or	3D	software	(e.g.,	3D	games,	3D	
graphics	software	tools,	Virtual	Reality	Systems,	
Nintendo	Wii,	Sony	MOVE)	
Do	you	have	previous	experience	with	
using	3D	interfaces	or	3D	software	(e.g.,	
3D	games,	3D	graphics	software	tools,	
Virtual	Reality	Systems,	Nintendo	Wii,	
Sony	MOVE)	
Do	you	have	previous	experience	
with	using	3D	interfaces	or	3D	
software	(e.g.,	3D	games,	3D	graphics	
software	tools,	Virtual	Reality	
Systems,	Nintendo	Wii,	Sony	MOVE)	
12	 Augmented	Reality	of	Mixed	Reality?	 	 	
	 	
	 Performance	 Performance	 Performance	
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	 UT1	 UT2	 UT3		
1	 Were	you	performing	well	with	the	given	task	
with	the	given	interface?	
Were	you	performing	well	with	the	
given	task	with	the	given	interface?	
Were	you	performing	well	with	the	
system?		**	
	 Usefulness	 Usefulness	 Usefulness	
2	 Was	the	given	interface	useful	for	completing	the	
given	task?	
Was	the	given	interface	useful	for	
completing	the	given	task?	
Was	the	system	useful	for	exploring	
the	anatomical	region?	
	 Easiness	 Easiness	 Easiness	
3	 Was	it	easy	to	perform	the	given	task	with	the	
given	interface?	
Was	it	easy	to	perform	the	given	task	
with	the	given	interface?	
Was	it	easy	to	use	the	system	to	
explore	the	anatomical	region?	
	 Mentally	stressed	 Mentally	stressed	 Mentally	stressed	
4	 Did	you	get	mentally	stressed	while	performing	
the	task	with	the	given	interface?	
Did	you	get	mentally	stressed	while	
performing	the	task	with	the	given	
interface?	
Did	you	get	mentally	stressed	while	
using	the	system? 
	 Physically	stressed	 Physically	stressed	 Physically	stressed	
5	 Did	you	get	physically	stressed	while	performing	
the	task	with	the	given	interface?	
Did	you	get	physically	stressed	while	
performing	the	task	with	the	given	
interface?	
Did	you	get	physically	stressed	while	
using	the	system?	
	 	 Preference/recommendation	 Preference/recommendation	
6	 Would	you	use	this	system	as	an	aid	of	
learning	when	it	is	fully	developed?	
Would	you	recommend	the	
University	use	a	system	based	on	this	
one?	
7	 	 	 Was	the	quiz	useful	as	a	check	on	
understanding?	
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	 UT1	 UT2	 UT3		
8	 	 	 What	were	the	best	aspects	of	the	
system?	
9	 	 	 What	aspects	of	the	system	were	
most	in	need	of	improvemnts?	What	
suggestions	do	you	have	for	
improvement?	
10	 	 	 What	other	features	would	you	like	
to	see	in	the	system	to	aid	your	
learning?	
11	 	 	 Rank	the	learning	sessions	or	
resources	
	 	 	 VARK	Learning	Styles	
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